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PBEFACE 

TO 

THE    ENGLISH    EDITION. 


The  great  popularity  which  Professor  Wialioeniis's  edition  of 
Strecker^s  'Text-book  of  Organic  Chemistry'  has  enjoyed  in 
Germany  leads  to  the  belief  that  an  English  translation  will  be 
acceptable.  In  the  interval  that  has  elapsed  since  the  publication 
of  this  book  in  Qermany  considerable  additions  have  been  made  to 
our  stock  of  knowledge  in  oiganic  chemistry,  necessitating  many 
■Iterations  and  additions  to  the  text.  On  this  subject  Professor 
Wislicenus  has  written  as  follows : — 

<  I  willingly  give  permission  to  publish  a  translation  of  my  work, 
and  only  beg  that  regard  shall  be  had — so  £bt  as  the  scope  and 
purpose  of  the  book  necessitate — ^to  the  largely  increased  material  and 
cwcntially  nearer  insight  into  the  relations  and  nature  of  the  organic 
compounds  already  known  that  has  been  obtained  since  the  publish. 
ing  of  my  book.  So  &r  as  this  is  done  it  will  be  the  work  alone 
of  the  translators^  as,  from  the  occupation  of  my  time  by  official  duties, 
I  have  found  it  impossible  to  take  part  in  the  very  necessary  correc- 
tkms  and  additions.' 

From  this  it  will  be  seen  that  the  translators  are  entirely  respon- 
sible for  such  alterations  as  have  been  made,  these  being  mast 
nmnerous  in  the  part  on  the  aromatic  compounds.  In  the  case  of 
the  naphthalene  compounds  it  has  been  thought  advisable  to  introduce 
the  symbols  proposed  by  Reverdin  and  Nolting  as  the  most  suitable 
proTisional  notation. 

In  conclusion  the  translators  have  to  express  their  thanks  to  Mr. 
R.  Meldola  for  the  account  of  the  diazo  colours  that  has  been  printed 
as  ani^ypendix. 

LOHDOH  : 

Jmme  1881. 
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At  the  time  of  Adolph  Strecker's  sadden  death,  in  1871,  he  was 
about  to  begin  the  sixth  edition  of  his  short  hand-book  of  '  Organic 
Chemistry.' 

The  publishers,  who  wished  as  &r  as  possible  to  retain  the 
peculiar  nature  of  this  valuable  work,  requested  me  to  undertake 
the  neoessary  revision.  I  have  not  undertaken  this  duty  without 
hesitation.  Tied  for  several  years  by  my  of&cial  duties,  I  could 
scarcely  depend  on  quickly  overcoming  the  work.  Moreover,  I 
doubted  if  I  could  succeed  in  satisfactorily  uniting  the  necessaiy 
independence  in  the  arrangement  of  the  material  with  the  deep 
respect  felt  towards  the  late  author.  This  latter  consideration  dis^ 
appeared  on  finding  that  Strecker  had  himself  acknowledged  the 
necessity  of  a  total  revision  of  the  book,  and  had  spoken  of  an  en- 
tirely altered  classification.  As  also  the  thought  of  completing  the 
suddenly  interrupted  work  of  so  estimable  a  man  was  not  without 
strong  temptations,  I  finally  decided  to  undertake  this  new  duty. 

It  may  be  as  well  to  point  out  the  general  method  of  arrange- 
ment that  has  been  adopted.  A  scientific  text-book  that  is  neither  a 
[nrimer  nor  a  dictionary  must  have  its  contents  arranged  in  accordance 
with  two  considerations — the  state  of  the  science  at  the  time,  and,  on 
the  other  hand,  the  requirements  of  those  for  whom  it  is  primarily 
intended.  This  necessitates  some  difficulties  and  inequalities  of 
treatment. 

In  the  classification  of  organic  compounds  the  hydrocarbons 
without  doubt  form  the  most  convenient  starting  point,  as  being 
relatively  of  the  simplest  composition,  and  also  being  the  substances 
firom  which  all  others  can  be  derived  by  simple  or  complex  replace- 
ment of  hydrogen.  In  the  hydrocarbons,  again,  the  first  place  is 
taken  by  those  containing  the  maximum  contents  of- hydrogen,  the 
pM-ifcffit^ft,  These,  however,  are  here  preceded  by  the  cyanogen 
derivatives,  on  account  of  the  resemblance  of  the  latter  to  mineral 
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compounds  and  their  constant  employment  in  the  synthesis  of  organic 
substances ;  with  the  cyanogen  group  are  almost  necessarily  included 
the  carbon  ozyamides  and  guanidine. 

The  most  systematic  arrangement  would  be  founded  on  the 
number  of  carbon  atoms  in  direct  union.  In  each  such  group  of 
equal  carbon  contents  the  paraffin  would  come  first,  next  those  de- 
rivatives in  which  only  a  single  hydrogen  atom  had  been  replaced, 
these  being  further  arranged  according  to  the  valency  of  the  sub- 
stituting element.  Then  would  follow  the  dinsubstitution  products, 
Le.  the  derivatives  of  the  hydrocarbon  nucleus  CqH2ii,  arranged 
according  to  the  relative  order  of  the  two  positions  of  replacement. 
Next  would  follow  the  trisubstituted  paraffins — compounds  of  the 
nucleus  CnH2o.i)  &c.,  arranged  according  to  analogous  principles. 
Erlenmeyer  has  commenced  this  classification  in  his  text-book,  un- 
fortunately as  yet  without  passing  beyond  the  dicarbonides. 

This  order  of  arrangement  is  very  valuable  for  the  study  of 
organic  chemistry,  more  so,  however,  for  those  moderately  well 
acquainted  with  the  subject  than  for  banners.  For  the  latter,  I 
do  not  consider  the  study  of  homologous  series  to  be  superfluous, 
especially  in  the  early  part  of  a  text-book.  In  this  way  alone  can 
the  clear  differentiation  of  the  various  categories  of  bodies  be  made 
evident,  depending  as  they  do  not  so  much  on  the  accumulation  of 
carbon  atoms  as  on  the  nature  and  amount  of  the  other  elements  in 
union.  In  addition  to  this  the  study  of  these  series  considerably 
assists  the  perception  and  mastering  of  the  substance  of  the  book  and 
the  grouping  of  large  numbers  of  facts  under  typical  reactions.  In 
this  form  we  can  advance  the  otherwise  over- worked  theory  of  types 
into  a  wider  field.  In  every  homologous  series  there  can,  then,  be  made 
out  the  laws  of  evolution  and  complication  with  increasing  number 
of  carbon  atoms  as  well  as  the  order  of  structural  synthesis. 

As  far  afl  the  selection  of  the  facts  to  be  considered  is  concerned, 
I  follow  in  general  those  principles  which  have  hitherto  characterised 
Strecker's  text-book.  That  additions  are  required  by  the  chemical 
results  of  the  last  few  years  is  self-evident.  The  simpler  categories 
of  chemical  compounds,  such  as  the  derivatives  of  the  alcohol  radicals 
CnHan+i  ft-nd  the  next  more  complex  group,  required  broader  treat- 
ment in  many  places,  whilst  the  compounds  of  the  nuclei  poorer  in 
hydrogen  could  be  treated  more  shortly,  as  those  relationships  already 
mentioned  would  otherwise  be  repeated. 

The  group  of  benzene  derivatives  has,  as  is  generally  customary, 
been  considered  separately.  The  time  is  probably  not  far  distant 
when  such  a  separation  will  be  neither  necessary  nor  advisable ;  it 
will  not,  however,  come  until  the  gaps  still  existing  between  the 
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{iromaiic  and  fatty  groups  have  been  filled  up,  and  further  proof  given 
of  that  continuity  of  group  relations  which  is  already  visible. 

In  the  present  state  of  our  science  we  cannot  neglect  the  frequent 
use  of  structural  formulie  based  on  the  valency  of  the  chemical 
elements.  Their  partial  uncertainty  and  in  many  points  tangible 
shortcomings  need  not  prevent  their  use  to  some  extent  in  a  text- 
book, although  their  use  requires  care.  With  regard  to  the  manner 
of  writing  the  constitutional  formula,  no  dogmatic  adherence  to  any 
single  method  will  be  adopted,  so  that  the  formula  of  one  and  the 
same  substance  may  be  found  varyingly  written  in  different  places. 
With  every  one  of  these  systems  of  formulae  there  is  the  danger  of 
substituting  a  concrete  image  in  place  of  an  idea.  These  images  we 
certainly  cannot  do  without,  but  we  must  keep  the  idea  lying  behind 
such  an  image  as  far  as  possible  pure,  and  also  mobile,  seeing  that  in 
comparison  with  older  views  we  have  in  it  only  relative,  not  absolute 
truth. 

I  hope  that  this  text-book  in  its  new  form  may  be  found  to  have 
sufficient  merit  to  justify  its  existence,  that  its  imperfections  may  not 
impede  its  usefulness  to  either  scholar  or  teacher,  and  that  it  may  in 
the  future  TnA-intain  that  rank  which  it  had  acquii'ed  under  Adolph 
Strecker's  care. 

Johannes  Wislicenus. 

wCkzbubo. 
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INTRODUCTION. 

1.  Until  the  early  part  of  the  present  century  organic  chemistry 
was  defined  as  the  study  of  those  bcxHes  derived  from  the  working  of 
animal  or  vegetable  life,  together  with  their  numerous  compounds 
and  derivatives.  It  was  assumed  that  for  the  conversion  of  mineral 
substances  into  organic  bodies  there  was  requisite  a  peculiar  force 
only  existing  in  the  living  organism,  and  essentially  different  from 
that  which  r^ulated  the  apparently  simpler  laws  of  mineral 
chemistiy. 

The  enormous  development  of  organic  chemistry  in  recent  times 
has,  however,  gradually  oblitertited  this  line  of  distinction  between 
organic  and  mineral  bodies. 

The  number  of  oi^nic  bodies  built  up  from  their  elements,  or 
from  their  simplest  mineral  combinations,  is  on  the  increase,  and  the 
results  in  the  r^on  of  artificial  synthesb  approximate  nearer  and 
nearer  to  the  highest  stages  of  chemical  complication — the  immediate 
Agents  of  organic  life — the  cellular  constituents  of  plants  and 
animals. 

The  laws  which  govern  organic  synthesis  have  shown  themselves 
to  be  in  no  way  difierent  from  those  concerned  in  the  changes  and 
combinations  of  mineral  substances. 

The  best  arbitrary  definition  of  organic  chemistry  is  one  depend- 
ing on  the  fact  that  all  organic  bodies  contain  carbon  as  the  essential 
constituent,  for  it  is  to  the  chemical  characteristics  of  carbon  alone 
that  the  compounds  termed  organic,  oompai*ed  with  mineral  com- 
pounds, owe  their  peculiar  character. 

2.  Constituents  of  Organic  Bodies. — ^Naturally  occurring  organic 
bodies  contain  but  a  limited  number  of  elements  in  combination  with 
carbon,  many  only  hydrogen  or  oxygen ;  many  more  contain  both 
hydrogen  and  oxygen,  and  others  again,  these  in  addition  to  nitrogen, 
sulphur  or  metals. 

By  artificial  methods  all  the  elements  may  be  obtained  as  integral 
constituents  of  carbon  compounds,  the  base  forming  metals  giving 
Halts  with  organic  acids  being  in  this  way  combined  to  the  carbon  by 
means  of  oxygen,  sulphur,  &c.f  and  also  many  elements  combining 
directly  to  the  carbon,  in  roost  of  which  cases  the  elements  lose  their 
^[  B 
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distinctive  characters,  by  which  they  are  known  in  mineral  or  inor- 
ganic compounds,  and  are  only  discoverable  after  the  action  of  the 
most  powerful  reagents  or  the  employment  of  a  high  temperature, 
by  which  all  organic  compounds  are  more  or  less  decomposed  or 
destroyed. 

3.  The  determination  of  the  composition  of  an  organic  body  is  a 
primary  step  towards  an  exact  knowledge  of  its  nature  and  constitu- 
tion, and  the  chemistry  of  the  carbon  compounds  received  a  great 
impetus  from  the  discovery  of  exact  methods  of  organic  elementary 
analysis. 

Before  proceeding  to  the  determination  of  the  proportions,  by 
weight,  of  an  element  contained  in  a  compound,  all  the  other 
elements  or  constituents  of  the  body  must  be  known,  since  methods  of 
analysis  must  be  varied  according  to  their  nature  and  peciriarities. 
Qualitative  analysis  must  therefore  always  precede  quantitative.  In 
naturally  occurring  bodis  it  is  necessary  to  test  for  the  presence  of 
carbon,  hydrogen,  oxygen,  nitrogen,  sulphur,  and  the  constituents  of 
the  ash  or  i*esidue  left  on  combustion.  In  artificial  bodies  built  up 
from  their  elements  this  is  not  necessary,  as  the  individual  compon- 
ents are  already  known. 

In  the  following  sections  an  outline  of  the  general  methods 
employed  will  be  given. 

Qualitative  Elementary  Analysis. 

4.  Carbon, — Most  organic  bodies,  on  heating  out  of  contact  with 
air,  decompose  with  blackening  from  separation  of  airbon.  Volatile 
bodies  are  passed  through  hot  tubes,  on  which  they  give  a  black 
deposit.  It  is  better  to  depend  on  the  formation  of  carbonic  anhy- 
dride when  the  l)ody  is  burnt  with  oxygen,  a  test  of  universal  appli- 
cation. For  this  purpose  non-volatile  bodies  arc  mixed  with  cupric 
oxide  and  heated  ;  volatile  bodies  or  gases  are  led  over  ignited  cupric 
oxide ;  the  carbonic  anhydride  formed  is  then  passed  into  a  solution 
of  calcic  hydrate,  with  which  it  gives  a  white  precipitate  of  caldc 
carbonate. 

6.  Hydrogen, — The  presence  of  hydrogen  is  shown  by  heating  the 
dried  substance  with  cupric  oxide,  when  water  is  formed,  which 
collects  in  drops  on  the  cold  portions  of  the  apparatus.  Organic  bodies 
containing  oxygen  as  well  as  hydrogen  give  off  water  when  heated 
alone. 

6.  Nitrogen. — Most  nitrogenous  bodies,  when  heated  alone  in  a 
glass  tube,  give  an  odour  of  burnt  feathers,  whilst  ammonia  is  evolved, 
and  can  be  recognised  in  the  vapours  by  its  turning  red  litmus  paper 
blue.  In  many  cases  volatile  acids  are  evolved  at  the  same  time, 
which  completely  neutralise  the  ammonia.  It  is  better,  therefore, 
before  ignition,  to  mix  the  body  under  examination  with  an  alkaline 
hydrate ;  soda  lime  is  generally  employed.  This  latter,  at  high 
temperatures,  directly  oxidises  the  organic  body,  completely  retains 
the  carbonic  anhydride  formed,  wliilst  the  nitrogen,  uniting  with  the 
hydrogen  of  the  organic  substance  or  of  the  alkaline  hydrate,  is 
evolved  as  ammonia. 

Very  small  quantities  of  nitrogen  are,   however,   readily  over- 
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looked  by  this  method,  which  also  frequently  fails  if  the  nitrogen  is 
united  to  oxygen,  as  nitryl  (NOa),  in  the  organic  body.  The  following 
method  is  of  general  application  and  completely  certain : — A  small 
quantity  of  the  substance  is  mixed  with  a  little  sodium  or  potassium 
(with  addition  of  dry  sodic  carbonate  in  the  case  of  explosive  substances) 
and  heated  in  a  test  tube ;  the  action  is  generally  accompanied  by  a 
slight  explosion.  The  residue  is  boiled  with  water  and  some  feiTous 
sulphate,  and  then  acidulated  with  sulphuric  acid ;  a  ferrocyanide  is 
thus  obtained,  which,  on  addition  of  a  drop  of  ferric  salt,  gives  a  pre- 
cipitate of  Prussian  blue. 

7.  Stdphur  and  Phosphorua. — These  and  other  analogous  acid- 
forming  elements  (such  as  selenium,  tellurium,  arsenic,  antimony)  are 
most  conveniently  tested  for  by  heating  the  suspected  body  with  a 
mixture  of  pure  potassic  carbonate  and  nitrate.  The  aqueous  solu- 
tion of  the  white  fu>ed  mass  is  then  tested  in  the  usual  manner  for 
sulphate,  phosphate,  &c. 

8.  Halogens. — In  those  cases  where  the  aqueous  solution  of  the 
substance  gives  no  indication,  a  small  quantity  of  the  body  is  heated 
with  pure  lime  in  a  test  tube.  The  residue  is  dissolved  in  dilute 
nitric  acid,  and  a  few  drops  of  argentic  nitrate  added  ;  a  white  curdy 
precipitate  indicates  chloride,  bromide,  or  iodide.  The  separation  of 
these  elements  is  conducted  in  the  usual  manner. 

9.  The  examination  for  other  elements  is,  as  a  rule,  made  by 
ignition  of  the  organic  substance  and  examination  of  the  ash.  Only 
very  volatile  metals  are  overlooked  without  further  precautions. 
Mercury  compounds,  e.g.,  ai'C  igaited  in  a  glass  tube  in  a  cun'ent  of 
oxygen,  the  liquid  metal  then  condensing  on  the  cold  portion  of  the 
tube. 

It  is  not  generally  practicable  to  prove  the  presence  of  oxygen 
directly,  the  complete  quantitative  analysis  alone  showing  its  presence 
without  doubt. 


Quantitative   Elementary  Analysis. 

Estimation  of  Carbon  awl  Hydrogen. 

10.  Carbon  and  hydrogen  are  estimated  in  a  single  operation. 
A  weighed  quantity  of  the  substance  is  burnt,  converting  the  carbon 
into  carbonic  anhydride  and  the  hydrogen  into  water ;  these  latter  are 
then  conveyed  into  weighed  alisorption  apparatus,  and  the  carbon  and 
hydrogen  calculated  from  the  increase  of  weight  obsei-ved. 

Pure  cupric  oxide  is  the  material  usually  employed  in  the  com- 
bustion ;  at  a  red  heat  it  readily  gives  up  its  oxygen  to  the  organic 
bodies,  b?ing  thereby  reduced  to  metallic  cop|x;r.  The  water  is 
al)8orbed  in  glass  tubes  (fig.  1)  containing  either  porous  ignited  calcic 
chloride  or  fragments  of  pumice  stone  sjitui-atod  with  concentnited 
sulphuric  acid.  Tlie  greater  part  of  the  water  condenses  in  the  liquid 
state  in  the  small  bulb  above  the  bend  of  the  U  tulw,  the  non-condensed 
vapour  being  absorbed  in  it«  passage  through  l)oth  limbs  of  the  ap- 
paratas.  The  carbonic  anhydiide  is  absorbed  by  strong  solution  of 
potassic  hydrate  (sp.  gr.  1*27),   contained  in  Liebig's  i>otash  bidbs 
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(fig.  2).  In  these  the  gas  fii-st  passes  into  the  hvrgest  bnll>,  from  which 
it  expels  the  potassic  hydmte.  and  then  passes  in  single  bubbles  through 
the  other  bulbs,  and  being  thus  necessarily  in  long  contact  with  the 
potash,  is  very  completely  absorbed.  The  modification  of  this  ap- 
paratus known  as  Gleissler's  bulbs  is  also  much  used.     Instead  of 


Fio.  1. 
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potash  solution,  soda  lime  is  frequently  used  to  absorb  carbonic 
anhydride.  Tliis  is  rubbed  in  a  porcelain  moi-tar  until  a  mixture  of 
fine  powder  with  pieces  the  size  of  coarse  millet  remains.  U-shaped 
light  glass  tubes  (fig.  3),  which  contain  in  one  limb,  between  two 

plugs  of  cotton  wool  a  and  b,  coarsely 
Fio.  3.  powdered  calcic  chloride,  are  completely 

filled  up  with  the  soda  lime;  by  tapping 
the  tube  with  both  limbs  placed  hori- 
zontally the  separation  of  the  fine  from 
the  coarse  powder  is  effected.  The 
latter  occupies  the  upper  part  of  the 
cross -section,  and  forms  a  passage 
through  which  the  gases  pass,  and  fi-om 
g  which    the   finer  powder  absorbs    the 

carbonic  anhydride.      In  cases  whei-e 
soda  lime  tubes  are  employed  a  small 
bulb  tul»e  g,  containing  a  drop  of  sul- 
phuric acid,  is  usually  placed  between  the  calcic  chloride  and  soda  lime 
tubes ;  it  serves  to  show  the  rate  at  which  the  combustion  is  pro- 
gressing. 

Combustions  are  conducted  in  many  diffei'ent  ways.  Two  methods 
will  be  described,  of  which  the  oldest  and,  as  regards  apparatus,  the 
simplest  will  always  be  connected  with  the  name  of  Liebig.  The 
solid  substance  to  be  analysed,  having  been  dried  and  previously  finely 
powdered,  is  weighed  (generally  0-2  to  OS  gram  is  taken)  and  mixed 
with  finely  powdered  cupric  oxide  in  a  warm  jwrcelain  mortar.  The 
cupric  oxide  must  have  been  ignited  just  before  the  operation,  trans- 
fen^d  whilst  still  hot  to  a  wide  glass  tube,  which  is  then  carefully 
closed,  and  cooled  so  far  as  not  to  alter  the  organic  substance  when 
mixed  with  it.  .  A  tube  of  difficultly  fusible  glass  must  have  been 
previously  prepared  for  the  reception  of  the  mixture.  This  comhuation 
tvhe  (fig.  4)  is  drawn  out  at  one  end  (over  the  blowpipe)  to  a  tail  at 
an  obtuse  angle,  then  carefully  cleaned  and  dried.     The  end  is  filled 
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up  to  e  wiUi  pure  cupric  oxiJe;  then  followa  the  mixtnre  of  the 
organic  BobHtance  and  cupi-ic  oxiile  to  b  ■  ffom  there  to  a  is  the  cupric 
oxide  used  in  rinsing  out  the  mortar.  Tlie  tube  is  then  filled  up  to 
within  an  inch  of  its  mouth  with  pure  cupric  oxide,  and  finally  a 
loose  plug  of  asbestos  is  inserted.  The  length  of  the  layer  of  cupric 
oxide  must  vary  with  the  combustibility  or  volatility  of  the  oi^nio 
body,  so  that  for  such  bodies  as  give  on  heatingaUi^  volumeof  com- 
bnstible  vapours  and  gases  it  must  be  made  longer  than  it  otherwise 


WDut<l.  The  tube  is  then  held  hoiizontnlly  and  tapped  gently,  by  which 
me:ms  a  canal  is  formed  alon^  the  top  of  the  contents,  along  which  the 
producte  of  combustion  can  pass.  The  tube  so  pix'pared  is  then  laid  in 
a  combustion  furnace;  the  chloride  of  uilcium  tube  is  fitted  on  by 
means  of  a  good  cork  or  caoutchouc  plug,  nud  in  its  turn  is  connected 
to  the  potash  bnlbe  by  means  of  a  piece  of  caoutchouc  tubing.  The 
whole  apparatus  is  shown  in  fig.  5.  The  fore  pail  of  the  combustion 
tube  is  now  hoitted,  and  as  mood  as  the  cupric  oside  in  glowing  the 
hentiiig  grudaally  carried  backward,  so  that  the  mixture  of  substance 
and  CQpric  oxide  is  raised  to  the  temperature  necessary  for  combustion. 


Id  order  to  prevent  any  conden,«ation  of  unbui-nt  volatile  dccoitipositioa 
products  in  the  1^1,  tJiat  is  kept  heated  from  the  bouiiilaiTof  the  pure 
cupric  oxide.  When,  at  length,  the  whole  tube  'm  brought  to  a  red  tieat, 
and  no  more  gas  bubbles  are  seen  in  the  potash  buliis,  the  combustion 
is  finished.  The  tail  of  the  cambustioii  tube  is  broken  olTat  e  and  air 
drawn  slowly  through,  go  as  to  sweep  all  products  of  combustion  fi'om 
the  tube  into  the  :il«orption  api«(ratus.  At  the  finish  the  ap]Kir»tua 
is  dL>tconnected  and  the  absorption  tubes  weighe<1.  As  c:ii'lM)iiic 
anhydride  contains  -p^  of  its  weight  of  carbon,  and  w.'kter  J,  of  its 
weight  of  hydrogen,  by  multiplying  the  inci-ea-e  in  weight  of  the  ro- 
qiective  tubes  by  these  Gguree,  tho  ;>mount  of  carlKin  and  hydrogen  in 
the  sabstance  employed  will  I)c  obtained. 
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11.  When  readily  volatile  liquids  have  to  be  analysed  in  this  ap- 
paratus they  are  placed  in  small  previously  weighed  bulbs,  the  point 
fused,  and  the  bulb  again  weighed,  in  order  to  ascertain  the  weight  of 
the  substance  taken.  The  combustion  tube  is  then  filled  for  a  quarter 
of  its  length  w4th  freshly  ignited  cupric  oxide,  the  bulb,  with  its  point 
broken,  then  dropped  in,  and  the  tube  filled  up  with  cupric  oxide. 
The  appai^tus  is  an-anged  as  in  fig.  5 ;  the  front  and  back  parts  of 
the  tube  first  brought  to  redness,  and  then  that  part  where  the  bulb 
is  gradually  heated,  so  that  the  vapour  of  the  liquid  shall  slowly  pass 
over  the  glowing  oxide  and  be  completely  burnt. 

Non- volatile  liquids,  fatiS,  <tc.,  are  caused  to  spi'ead  over  the 
sides  of  the  combustion  tube,  which  is  then  filled  up  with  cupi-ic 
oxide. 

12.  In  many  cases  it  is  necessary  to  make  some  alterations  in  the 
method  above  de8cril)ed.  Some  organic  substances  cannot  be  com- 
pletely burnt  with  cupric  oxide,  either  fi-om  not  admitting  of  sufficiently 
intimate  admixture  or  fi-om  their  yielding  much  carbon  on  beating, 
which  cannot  come  into  contact  with  sufficient  cupric  oxide  for  its 
complete  combustion.  In  these  cases  plumbic  chromate  is  employed 
instead  of  cupric  oxide.  Immeiliately  before  use  it  must  be  strongly 
heated  in  a  porcelain  basin.  It  contains  more  oxygen  in  an  equal 
volume  than  cupric  oxide,  fuses  on  heating,  and  gives  off  oxygen  on 

Fig.  6. 


stit)ng  ignition.  Plumbic  chromate  is  of  use  also  in  the  analysis  of 
bodies  contauiing  sulphur  and  halogens,  as  it  completely  i*etains  them  ; 
whilst  with  cupric  oxide  sulphurous  anhydride  or  free  halogen  is 
frequently  obtained,  which  being  soluble  in  potassic  hydrate,  would 
completely  spoil  the  result  for  carbon.  Nitrogenous  bodies  on  com- 
bustion fi'equently  give  off  a  portion  of  their  nitrogen  as  nitric  oxide, 
which,  when  mixed  with  air,  is  absorbed  by  potash,  and  would  also 
bring  the  rasult  too  high.  In  this  case  a  layer  of  a  mixture  of  potassic 
chromate  and  manganic  oxide  is  placed  in  the  front  part  of  the  com- 
bustion tube,  and  kept  very  gently  heated  during  the  combustion, 
whereby  all  nitrous  fuses  are  effectually  removed. 

13.  Much  saving  of  time,  together  with  simplification  of  mani- 
pulation and  gi'eater  certainty  in  the  results  of  ciu'bon  and  hydrogen 
estimation,  is  obtained  by  combustion  in  a  stream  of  oxygen  in  a 
tube  open  at  both  ends  (fig.  6).  Between  the  asbestos  plugs  d  and  e 
a  layer  of  granulated  cupric  oxide  is  placed ;  the  ends  of  the  tube  are 
closed  by  lx>red  corks,  in  one  of  which  is  placed  a  tube  for  the  intro- 
duction of  pure  air  or  oxygen,  whilst  the  other  serves  to  connect  with 
the  abfioi-ption  appai^atus.  The  combustion  tube  is  heated  to  redness 
in  the  furnace,  whilst  a  sti-eam  of  dry  air  is  pa.s.sed  through  ;  by  this 
means  the  whole  apparatus  and  its  contents  are  obtained  thoix)ughly 
dry  and  loady  for  immediate  use.  The  absorption  tubes  for  water  and 
carbonic  anhydride  having  been  attached,  the  weighed  substance  con- 
tained in  a  porcelain  or  platinum  boat  c  is  pushed  in  (volatile  liquids 
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in  bulbs  as  described),  and  finally  a  short  glass  rod  with  fused  edges 
bf  which  nearly  fills  the  tube.  The  object  of  this  latter  is  to  cause  an 
accelei*ation  of  the  gas  stream  at  that  point,  and  so  prevent  any  chance 
of  the  vapours  given  off  by  the  bui-ning  body  travelling  backwards, 
as  they  might  otherwise  do,  the  stream  of  gas  being  necessarily  slow, 
to  ensure  complete  combustion.  The  whole  apparatus  shown  in 
fig.  7  being  arranged,  and  the  substance  in  its  boat  placed  behind 
the  red-hot  cupric  oxide,  heat  is  next  applied  at  the  place  where  the 
glass  rod  is  (6,  fig.  6)  and  then  slowly  advanced  to  the  boat.  At 
the  commencement  purified  air  may  be  employed,  the  oxidation  being 
mainly  effected  at  the  expense  of  the  cupric  oxide ;  later  oxygen  is 
turned  on  from  a  second  gjis-holder,  and  the  complete  oxidation  of 
any  carbon  left  behind  is  then  effected ;  any  reduced  copper  is  also 
re-oxidised.  Both  aii*  and  oxygen  ai-e  purified  by  passing  through 
potash  and  calcic  chloride  or  sulphuric  acid,  llie  stream  of  oxygen  is 
continued  until  it"^  presence  can  be  distinctly  observed  at  the  absorption 
apparatus  ;  it  is  then  displaced  by  a  current  of  air.  The  cooled  absorp- 
tion tubes  and  the  boat,  if  any  ash  is  left,  are  then  weighed.  The 
combustion  tube  can  then  be  employed  for  a  fresh  analysis,  as  it  is  in  a 
state  of  complete  readiness,  i.e.  completely  free  from  water  and 
carbonic  anhydride  and  charged  with  pure  cupric  oxide.  In  the  case 
of  nitrogenous  bodies  potasdc  chromate  and  manganic  dioxide  are 
placed  in  t^e  anterior  portion  of  the  tube.  With  substances  containing 
halogens  a  roll  of  silver  must  be  placed  in  front  of  the  cupric  oxide ; 
by  this  every  trace  ot  halogen  is  absorbed.  Bodies  containing  sulphur 
must  be  burnt  with  plumbic  chromate,  or  if  cupric  oxide  and  oxygen 
be  used  the  gas  stream  must  be  pa&sed  over  pure  plumbic  peroxide, 
heated  to  but  little  above  100°,  by  which  all  sulphurous  anhydi'ide  is 
removed, 

Estirtiation  of  Nitrogen. 

14.  The  determination  of  the  amount  of  nitrogen  in  organic  bodies 
is  effected  either  by  measuring  the  nitrogen  in  the  free  state  and 
calculating  the  weight  from  the  volume,  or  by  conversion  into  am- 
monia. 

The  first  method  can  be  applied  to  all  organic  bodies ;  the  second 
does  not  give  satisfactory  results  in  those  cases  where  the  nitrogen 
Ls  in  union  with  the  oxygen  of  the  organic  substance  (e.g.  in  nitro 
compounds). 

16.  Estimation  of  Nitrogen  by  Volume, — By  the  combustion  of 
nitrogenous  organic  bodies  with  cupric  oxide  there  results,  as  already 
mentioned,  carbonic  anhjxiride,  water,  and  nitrogen,  and  probably 
some  quantity  of  nitric  oxide,  this  latter  being  reduced  to  nitrogen 
by  passing  over  red-hot  metallic  copper.  On  cooling  the  pi*6ducts  of 
combustion,  the  water  is  separated  in  the  liquid  form ;  the  carbonic 
anhydride  (and  also  any  sulphurous  anhydride  or  halogens)  is  readily 
absorbed  by  a  solution  of  an  alkaline  hydrate,  so  that  pure  nitrogen 
remains,  and  can  be  estimated  by  measurement.  The  single  difficulty 
of  this  method  is  the  complete  removal  from  the  apparatus  of  the 
indifferent  gases  of  the  air  befoi*e  the  commencement  of  the  combus- 
tion.    This  can  be  effected  by  complete  exhaustion  by  the  mercurial 
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air  pump,  or  more  ^mply  by  a  Htrcam  of  carbonic  anhydride.  The 
proccilure  is  a^  follows  : — A  combuatioo  tulw  (fig.  8>,  about  one  metre 
long,  ban  pliic«<l  in  it  next  to  its  closed  ends  about  30  grains  of  h;pdric 
sodic  carbonate  (a  b),  then  a,  layer  of  cqpiic  oxide  [h  c),  then  the 
aiitore  of  the  weighed  substance  tind  cupric  oxide  (c  d),  a  layer  of 
cupric  oxide  (de)  added,  and  the  rest  of  the  tnbe  filled  with  copper 
tnmingB  of  clean  metallic  Kurface  ;  a  gas  delivery  tohe  is  then  attached 
by  means  of  a  perforattd  cork.  The  tube  no  filled  (a  h,  fig.  9)  in  Inid 
in  the  furnace,  onited  to  the  bent  delivery  tulte  (c/),  and  the  end  of 
tite  latter   dijiped  under   mercury.     Oue-faidf  of  the    liydiic  Ho<Iic 
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carbonate  is  then  heated  to  brisk  decompOBitioa^  the  evolved  gnoses, 
carbonic  anhydride  and  water  vapour,  exj>el  the  air  contained  in  the 
apparatus,  which  e^^apes  in  bubbles  through  the  mercury.  From  time 
to  time  samples  of  the  escaping  gas  ai*  collected  in  a  test  tube  com- 
pletely filled  with  potash  solution  and  mercury  ;  when  such  a  f<ampie 
Ls  absorbed  by  the  potash  without  leaving  any  r&sidue,  it  ia  certain 
that  the  air  has  been  completely  expelled.  A  measuring  tube  filled 
with  mercury,  first  having  about  50-60  oc.  of  concentrated  pota.fh 


solution  run  up  into  it,  is  placed  over  the  end  of  the  dtlivery  tul)o 
anil  the  combiwtion  commenced.  The  cupric  oxide  at  </  e  and  It  c,  and 
the  metallic  cupper  at  e/ (fig.  8),  are  heated  to  blight  lodiiess,  and  tho 
heating  gi-adually  ranied  to  the  mixture  of  cupric  oxide  and  sulistanco. 
As  noon  as  the  whole  tulie  Iti'twcen  b  aud/is  i-od  hot  the  evolution  of 
gas  ceaties.  All  the  organic  subsbince  is  then  burnt,  and  the  gitiatcr 
part  of  the  products  of  combustion  collected  in  the  measuring  tulic. 
The  i-emaiiiing  portion  of  the  hydric  sodic  carbonate  in  then  healed,  in 
order  to  displace  any  niti-ogeu  remaining  in  the  tulie.  After  Home 
time,  when  the  complete  alisoi-ption  of  the  ciirtKiuic  anhydride  by  the 
{lOtaHh  solution  ia  quite  certftin,  a  small  jiorcela'n  cipsule  is  placed 
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under  the  open  end  of  the  meMiiring  tube,  and  the  tube  and  contente 
removed  to  a,  deep  cylinder  filled  with  distilled  water,  the  cn])s\ile 
being  then  removed,  "Die  mercury  anJ  potash  sink  out  of  the  tube 
fuid  Are  replaced  by  wutei'.  Tlie  measuring  tube  is  now  sunk  so  far 
into  the  cylinder  that  the  surface  of  the  water  stands  at  the  same  level 
inMde  and  outside  the  tnbe.  It  is  then  allowed  to  stand  until  both 
gas  and  water  have  ftC4)uired  the  temperature  of  the  room  ;  the  volume 
of  the  gas  in  cubic  centimetres,  (v)  is  then  read  off  the  tube,  and  at  the 
Bame  time  the  temperature  (<  C.)  and  the  barometer  (A  in  mm.)  noted. 
The  weight  of  nitrogen  obtained  is  then,  with  correction  for  the  tension 
of  aqueous  vapour  (w  in  mm.)   - 


16.  Egtimalion  of  Xitrogfn  oi  Ammonia. — As  already  OKplained, 
mosi  organic  bodies,  when  heated  with  alkaline  hydrates,  give  off  all 
their  nitrogen  as  nmmonia.  The  analysis  is  UHiinlly  condnctod  as 
follows  : — The  suliH^ance  to  be  analysed  is  mixed  with  five  to  six  times 
its  weight  of  soda  lime  in  a  warm  porcelain  mortar,  and  then  transferred 


to  a  combustion  tube  which  hai  already  been  drawn  out  to  an  oblique 
point  and  partly  filled  with  sod^  lime ;  the  mortar  is  then  washed 
out  with  fresh  soda  lime  and  the  tube  nearly  filled  therewith,  a  ping 
of  asbestos  put  lightly  in,  and  a  bulb  appitratus  containing  hydro- 
chloric acid  fixed  on  by  means  of  a  weli-fitttng  cork.  The  tube  a 
{fig.  10)  is  then  heated  from  the  anterior  backwards.  Ammonia  is 
evolved,  which  is  absorbed  by  the  acid,  being  converttd  into  amroonio 
chloride.  Free  hydro{;en  and  hydrocarbons  are  genei'ally  also  evolved, 
the  latter  colouring  the  liquid  in  the  bulb.  At  the  close  of  the  com- 
bustion, when  the  mass,  which  blackens  at  fii-st,  must  have  become 
quito  white  again,  the  point  of  the  tube  is  bix>ken  off  and  air  sucked 
trough  in  order  to  bring  all  the  ammonia  into  the  bulb.  This  latter 
is  then  removed,  the  contents  emptied  into  a  porcelain  basin,  and  the 
bulb  rinted  repeatedly  with  pure  water.  The  acid  and  wash  waten 
are  then  mixed  with  excesa  of  platinic  chloride  and  the  whole  eva>- 
porated  to  dryness  on  the  water  bnth.  The  msidue  consists  of  am- 
monic  platinic  chloride,  NgHnClgPt,  together  with  excess  of  platioic 
chloride.  Thi^  latter  is  dissolved  out  by  a  mixture  of  alcohol  and  eUier, 
and  the  insoluble  ammonlc  platinic  chloride  collected  on  a  dried  and 
weighed  filter,  completely  washed  with  ether  alcohol,  and  dried  at 
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100°  until  constant  in  weight.  Every  100  parts  of  the  double  salt 
contain  6*28  parts  of  nitrogen.  The  double  salt  on  ignition  leaves  a 
residue  of  platinum,  which  can  be  weighed ;  every  atom  of  platinum 
found  corre^tponds  to  two  atoms  of  nitrogen,  or  100  parts  of  platinum 
obtained  corresponds  to  14*172  parts  of  nitrogen. 

Many  organic  substances,  when  heated  with  alkalies,  give  their 
nitrogen — at  letist  in  part — not  as  ammonia  but  in  combination  with 
car1x>u  and  hydrogen,  in  the  form  of  organic  bases,  whose  hydro- 
chlorides give  with  platinic  chloride  compounds  resembling  the 
ammonic  double  salt,  in  which  there  is  still  one  atom  of  platinum  to 
two  of  nitrogen.  It  is,  therefore,  advisable  always  not  only  to  weigh 
the  double  salt,  but  also  the  platinum  left  on  ignition,  the  nitrogen 
being  finally  calculated  from  the  latter. 

16/>.  Instead  of  estimating  by  precipitating  as  above,  the  contents 
of  the  bulb  may  be  evaporated  to  dryness  and  the  chlorine  in  the 
residual  ammonic  chloride  deteimined  by  addition  of  a  standard  solu- 
tion of  argentic  nitrate ;  one  atom  of  nitrogen  must  have  been  present 
for  every  atom  of  chlorine  found. 

Estimation  of  the  Ifalogens, 

17.  In  all  cases  where  organic  halogen  compounds  are  not  directly 
decomposed  by  water  with  complete  conversion  of  the  halogen  into 
its  hydro-acid  (as  happens  with  the  chloiine,  bi*omine,  &c.,  compounds 
of  the  organic  acid  radicals),  the  halogens  must  be  rendered  capable  of 
precipitation  with  argentic  nitrate  by  the  action  of  energetic  reagents. 

This  can  frequently  be  accomplished  by  the  action  of  sodium 
amalgam  upon  an  aqueous  solution  of  the  organic  body,  e.g.  mono- 
chloracetic  acid  is  decomposed  according  to  the  equation  : 

CjHaClOj  +  Na2=02H3Na02  -f  NaCl, 

the  chlorine  being  then  readily  precipitated  from  the  sodic  chloride  by 
addition  of  silver  salts. 

In  cases  where  this  method  is  not  available  the  decomposition  can 
bo  effected  by  heating  with  pure  lime  in  a  combustion  tube.  The 
apparatus  is  quite  similar  to  that  used  in  estimating  nitrogen  as 
ammonia,  only  no  al)Sorption  tube  Ls  requii-ed.  The  ignited  residue  is 
dissolved  in  nitric  acid,  precipitated  with  silver  solution,  the  silver 
salt  collected  on  a  filter,  washed,  ignited,  and  weighed.  As  in  this 
operation  a  large  excess  of  lime  must  be  employed  a  considerable 
volume  of  liquid  is  obtained,  which  makes  the  filti-ation  a  vevy  weari- 
some operation. 

Latterly  this  method  has  been  nearly  entirely  superseded  by 
another,  which  consists  in  the  complete  oxidation  of  the  organic  body 
by  nitric  acid  at  high  temperatures.  In  many  cases  this  reagent  can 
be  used  dilute  (1*2-1 '3  sp.  gr.),  and  acts  completely  even  at  130*^-150°  ; 
very  few  organic  bodies  can  resist  the  acticm  of  fuming  nitric  acid  at 
180**-200**.  The  employment  of  temi>eratures  so  much  above  the 
boiling  point  of  nitric  acid  necessitates  the  use  of  strong  walled,  sealed 
tubes,  in  order  to  resist  the  high  pi*e8sures  produced. 

The  substance  for  analysis  is  sealed  up  in  thin  glaas  bulbs,  usually 
with  bent,  and  therefore  easily  broken,  oipillary  tubes.     It  is  then 
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enclosed,  tof^ether  with  cxcens  of  &rj^nlic  nitrate  nnd  of  moderately 
concentrated,  or  if  necessaiy  of  fuming,  niti-ic  Rcid,  in  a  »Irong  wa])cd 
glam  tube,  care  being  taken  thnt  in  senting  the  diim-n-out  jioint  ie 
well  thickened.  Fig.  II  shows  the  whole  nppnratus.  The  glass  bulb 
is  now  broken  by  vii^omiui  ghnkiug,  the  enclosed  itubstance 
no.  II.  coming  in  contact  with  the  nitric  acid,  and  the  tabe  is  then 
heated  for  several  hoiu-s  in  an  air  bnth,  hoated  to  the  neces- 
sary temperature.  The  lur  bath  usually  employed  is  shown 
in  fig.  12;  it  contains  several  wrought  iron  ttil>es  closed  at 
one  end,  and  which  are  placed  in  an  inclined  jMsition  in  the 
)>ath.  If  one  of  the  glass  tubes  explodes,  ic  cannot  destroy 
the  other  tubes  l>cing  heated  in  the  bath  at  the  same  time, 
nor  can  it  damage  the  operator. 

When  the  reactJtm  is  coujplcted  the  app^ir,itu!<  is  allowed 
to  cool,  the  gl'tss  tube  carefully  removed,  wriipped  in  a 
cloth,  except  tjie  capillary  tube,  and  the  latter  f-oftene<l  in  a 
flame.  Tlu)  internal  pressure  blows  the  [xiint  out.  and  the 
HtiT>ngly  compixtaed  gases  (carbonic  anhydride  and  reduction 
productK  of  nitric  acid)  are  evolved  without  danger.  The 
glass  tube  is  then  cut  open,  the  contents  conqtletely  wn^^hed 
into  a  beaker,  ancl  .after  suflictent  dilution  of  the  nitric  acid, 
the  haloid  silver  salt,  and  the  fragments  of  the  gla-«  bulb 
collected  on  a  filter,  washed,  dried,  ignited,  and  weighed. 
By  subtraction  of  the  weight  of  the  filter,  ash,  and  glass 
bulb  the  weight  of  tlie  chloride,  bromide,  or  iodide  of  tdlver  is  obtained, 
from  which  the  weight  of  halogen  can  be  calculated. 

EstinuUlojt  of  Siiipliur  and  F/ioap/iorua. 
18.  Many  sulphuriseid  organic  bodies  can  be  com|>letely  oxidised 
by  nitric  acid,  with  con vemon  of  their  sulphur  into  sulphuric  acid,  the 


method  alwve  de-sciibed  being  employed,  the  aulphuric  acid  being pre- 
cipitiited  as  baric  Bul]>hiLte  from  the  lai^ly  diluted  oxidation  product. 
If  halogens  are  estimated  in  the  same  operation  the  filtrate  from  the 
silver  precipitate  must  be  treated  with  hydrochloric  acid,  ho  as  to 
remove  all  silver  before  precipitating  the  sulphniic  acid. 
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If  the  substanoe  oxidised  by  nitric  acid  contained  phosphorus, 
arsenic,  or  metals,  they  will  be  converted  respectively  into  phosphoric 
sicid,  arsenic  acid,  or  metallic  nitrates,  and  can  be  estimated  according 
to  the  usual  methods  of  quantitative  analysis. 

Frequently  organic  sulphur  compounds  resist  the  action  of  nitric 
acid,  so  that  their  decomposition  can  only  be  effected  by  fiudon  with 
nitre  and  an  alkaline  carbonate.  The  mixtiu^  must  be  made  in  such 
pro|>ortions  that  there  shall  bo  no  explosion  on  hetiting.  Volatile 
sulistanoes  are  generally  ])artly  oxidised  in  a  sealcil  glass  tube  by 
nitric  acid,  whereby  non-volatile  bodi«:^s  are  formed  ;  the  acid  liquid  is 
then  more  than  saturatecl  with  iby  alkaline  carbonate,  and  the  whole 
evaporatcil  to  dryness  and  fused  in  a  platinum  dish.  As  soon  as  all 
car)>on  is  burnt,  and  the  mass  has  become  completely  white,  it  is 
allowed  to  cool,  dissolveil  in  water,  and  the  sulphuric  acid  pre- 
cipitated. 

Estimation  of  Oxygen, 

19.  Oxygen  is  usually  estimated  indirectly ;  the  sum  of  the  percent- 
ages of  the  other  elements  present  is  deducted  from  one  hundred,  and 
the  difference  taken  os  oxygen.  For  instance,  the  combustion  of  0*3 
gram  of  cane  sugar,  which  contains  carbon,  hydrogen,  and  oxygen  only, 
gave  0'463  gram  carlionic  anhydride  and  0-170  gnim  water.  This, 
calculated  into  percentages,  gives — 

Carbon         =     4210 
Hydrogen    =       6-43 

Sum  48-53 

Oxygen   (loss)    51-47 

10000 

Determination  of  the  Chemical  Formula  of  Organic  Compounds. 

20.  The  results  of  the  elementary  analysis  of  an  organic  body 
are  always  expressed  in  percentages ;  from  these  empirical  formulae  can 
be  obtained  by  dividing  the  percentage  number  by  the  atomic  weight 
of  the  element  to  which  it  refers,  the  quotients  then  expressing  the 
proportions  in  which  the  atoms  of  carbon,  hydrogen,  oxygen,  ttc,  are 
uniterl  to  each  other.  These  quotients,  generally  consisting  of 
fractions,  are  reduced  to  the  neai-est  round  numbers,  and  then  re- 
present the  empirical  foi-mulo)  of  the  body. 

In  chemical  analysis,  as  generally  in  any  operation  involving 
measuring  or  weighing,  there  are  slight  deviations  fi-om  accuracy.  A 
formula  so  obtained  is  still  admissible,  although  the  percentage 
numbers  calculated  from  it  do  not  quite  agi*ee  with  those  found  in  the 
investigHtion,  provided  that  the  deviation  does  not  exceed  a  coi-tain 
limit.  This  limit  of  error  is  found  to  l)e  about  0*3  ]H»r  cent,  for 
carlx>n  and  0*2  per  Ci»nt.  for  hydrogen  ;  for  instance,  in  tlie  combustion 
of  pure  glaciiil  acetic  acid  the  following  numbers  were  obtivined  ; — 

Carlx)n 39*82 

Hydrogen  .....       6*75 

Oxygen 53-43 

lOOOO 
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These  being  divided  by  the  respective  atomic  weights,  the  quotiouts 
will  expil*ess  the  ratio  of  the  elementary  atoms  in  the  compound. 

For  carbon    5^=3-318 

12 

For  hydrogen  ^  =  675 

For  oxygen    ^^=±=3339 

If  these  are  now  reckoned  to  1  atom  of  carbon  they  give — 
To  1  atom  carbon       Cj 

Hydrogen    3:3ig  =  H2.o3i 
Oxygon        ^-^  =  OpooG 

or  as  nearly  as  can  be  expected  with  unavoidable  en-ors,  to  the  em- 
pirical formula  CH2O,  from  which  the  following  percentage  com- 
poBition  is  calculated  : — 

C  =  40-00 
H  =  6-67 
O  =  53-33 

100-00 


Determination  of  the  Molecular  Formula, 

21.  The  chemical  formula  of  a  body  must  be  something  moi*c  than 
the  mei-e  expression  of  its  percentage  composition,  it  should  in  ad- 
dition express  the  atomic  composition  of  the  smallest,  relatively,  exist- 
ing quantity  of  the  body,  its  molecule.  It  is  evident  that  the  latter 
can  be  any  whole  multiple  of  the  empirical  formula ;  the  acetic  acid 
molecule  may  probably  be  C2H4O2,  CaHgOa,  &c. 

In  order,  therefore,  to  find  the  true  chemical  formula  of  a  body, 
in  addition  to  the  percentage  composition  there  must  also  be  deter- 
mined the  i-elative  weight  of  its  molecule,  either  from  certain  physical 
qualities,  especially  the  vapour  density  (see  further  on),  or  from  the 
products  derived  from  it  by  chemical  changes. 

Of  these  latter  *  derivatives  *  the  most  important  for  acids  and 
bases  are  their  salts ;  for  indifierent  bodies,  especially  those  that  con- 
tain only  carbon  and  hydrogen,  their  haloid  substitution  products,  i.e. 
derivatives  in  which  the  hydi-ogen  is  replaced  by  a  halogen. 

22.  When  acetic  acid,  for  instance,  is  convei-ted  into  its  silver  salt 
by  boiling  with  argentic  oxide,  and  the  salt  then  submitted  to 
analysis,  it  gives  the  following  percentage  composition  :-^ 

C 14-28 

H 1-85 

Ag 64-82 

O 19-05 
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and  calculating  from  these  the  atomic  proportions — 


C  = 
H  = 

Ag= 
O  = 


14-28 
12 

1-85  . 
1 

64-82 
108 

1905. 
16  ' 


M9 
1-85 
0-60 
119 


M9 

•6  '' 
1-85. 

•6  '' 

■6 

•6 

119 

•6 


1-98 
308 
1-00 
1-98 


2 
3 
1 
2 


The  simplest  formula  for  argentic  acetate  ia 

C,H,AgO, 

and  requires  for  acetic  acid  a  molecular  formula  at  least  as  large  as 
CjHjOj,  i.e.  double  the  empiiical  formula  previously  determined. 

Several  other  substances  have  the  same  percentage  composition  as 
acetic  acid,  although  with  dissimilar  properties ;  such  are  dried  grai>e 
sugar,  kctic  acid,  iic.  The  analysis  of  derivatives  of  these  bodies, 
however,  leads  to  completely  different  molecular  formula. 

The  silver  salt  of  lactic  acid,  e.g.,  gives  this  latter  the  formula 
C3H5O3,  as  it  contains  three  atoms  each  of  carbon  and  oxygen  and 
five  atoms  of  hydrogen  to  one  atom  of  silver. 

To  1  atom  Ag 
Found  per  Cent.  Atomic  Quotient 

C  .  18-36  .  1-530 

H  .  2-50  .  2-500 

Ag  .  54-65  .  0-506 

O  .  24-49  .  1-531 

23.  In  order  to  determine  the  molecular  formula  of  an  oi-ganic 
base  it  is  analysed  both  in  the  free  state  and  in  form  of  the  salts 
which  it  yields  with  acids — most  simply  with  hydrochloiic  acid. 
Bearing  in  mind  that  organic  bases,  or  alkaloids,  resemble  ammonia 
in  their  chemical  behaviour,  i.e.  unite  with  acids  without  separation 
of  water,  it  is  easy  from  the  composition  of  the  salt  to  deduce  that  of 
the  base. 

As  an  example  the  formula  of  the  hydrochloride  compound  of 
creatinine  may  be  calculated.  On  elementary  analysis  it  gave  in  per 
cents. — 

Carbon 32-48 


Found 

Calculated. 

3-02 

3 

4-94 

5 

100 

1 

303 

3 

Hydrogen 
Nitrogen 
Chlorine 
Oxygen 


5-30 
28-27 
23-41 
10-54 


On  calcalating  this  to  35*5  parts,  or  one  atom,  of  chlorine  there  was 

found — 

Carbon  48      =  4  x  12  =  4C 

Hydrogen  8      =  8  x      1  =  8H 

Nitrogen  42      =  3  x  14  =  3N 

Chlorine  355  =  1  x  355  =  ICl 

Oxygen  16      =  1  x  16  =  lO 
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The  formula  of  creatinine  hydi-ocbloiide  is  therefore  C4HgN3C)Cl. 
On  subtracting  HOI  from  this  we  get  for  creatinine  itself  C4H7N3O, 
with  which  formula  the  results  of  the  analysis  of  free  creiitininc  are 
in  agreement. 


C4  .         .         .48 

xi^  ...       7 

N3  .         .         .42 

O  .         .         .16 


1  molecule 
ci-eatinine 


} 


113 


Calculated.  Found. 

42-48       .  42-54 

6-19       .  6-38 

37-17      .  37-20 

14-16       .  13-88 


10000       .     10000 


24.  As  the  so-called  indifferent  bodies — i.e.  such  as  are  neither  of 
acid  nor  basic  nature —do  not  enter  into  combination,  it  is  necessary,  in 
determining  their  molecular  weight,  to  have  recourse  either  to  split- 
ting u]) — i.e.  decomposition  into  several  other  compounds  of  known 
molecular  formulae,  whose  i*elative  quantities  are  then  determined— or 
to  substitution. 

The  analysis  of  acetic  ether,  e.g.,  gives  as  its  empirical  formula 
C2H4O ;  by  treatment  with  potiush  solution,  however,  it  splits  up 
into  equal  molecules  of  ethyl  alcohol,  CjHqO,  and  potassic  acetate, 
(y2H3K02.  It  is  therefore  seen  that  the  above  expression  must 
be  doubled  in  order  to  get  four  carbon  atoms.  The  decomposition  is 
then  repi-esented  by  the  equation  : 

C4  H^Oa  -f  KOH  =  CaHfiO  4-  C2H3KO2. 

25.  The  simplest  formula  derivable  from  the  analysis  of  benzene 
is  CH.  A  crystalline  compound  of  ]>enzene  and  chlorine  appeai-s  to 
confinn  this,  as  its  investigation  leads  to  the  formula  CHCl. 
When  heated  with  alcoholic  i^tash,  however,  it  is  converted  into  an 
oil,  which  to  one  chlorine  atom  contains  two  carbon  and  one  hydrogen 
atoms. 

From  this  the  benzene  formula  would  be  C2H2,  the  chlorine 
compound  C2H2CI2,  the  decomposition  product  CjHCl.  By  the 
invc^igation  of  other  products  of  the  action  of  chlorine  upon  benzene, 
C2H2  proves  not  to  be  its  formula.  One  of  these  bodies  contiiins  three 
carbon  atoms  to  one  chloiine  atom  =  C3H2CI.  The  composition  of 
another  coi-responds  to  C3HCI2.  Already  these  derivatives  with 
both  two  and  three  carbon  atoms  requii-e  the  presence  of  Cg  in  the 
molecule,  and  apart  from  that  other  substitution  products  exist  that 
cannot  be  otherwise  formulated. 

From  the  empirical  formula  of  the  chlorine  derivatives  the 
following  series  of  molecular  formulae  of  benzene  derivatives  is 
obtained : — 

Empirical  Formula.     Molecular  Formula. 

Benzene CH  .         .     CeHe 

Chlorine  compound    .         .         .     CHCl      .         .     CgHgClg 
Firat     chlor  substitution  product  GoH-ffil   ..        .     CgHsCl 
Second 


Third 
Fourth 
Fifth 
Sixth 


91  99  99 

99  99  » 


C,H2C1   . 

•     C6H4CIJ 

C^HCl     . 

.     CeH,Cl3 

C3HCI2   • 

CQH2CI4 

CfiHCls    . 

.    CjHCl, 

CCl 

.    CfiClfi 
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Derivation  of  the  Molecular  Weight  from  the  Vapour  Density, 

26.  The  fact  that  in  the  union  of  gases  the  volumes  stand  in  very 
simple  relation  to  each  other  and  to  the  volume  of  their  gaseous  com- 
poundy  led  at  the  beginning  of  this  century  to  the  view  that  equal 
volames  of  different  gases  and  vapours  contain,  under  like  conditions  of 
temperature  and  pressure,  an  equal  number  of  molecules.  This  has 
since  been  amply  confirmed,  and  now  forms  one  of  the  most  important 
fundamental  ktws  of  physioed  chemistry. 

The  weights  of  equal  volumes  of  different  gases,  under  like 
temperature  and  pressure  (the  gas  and  vapour  densities),  express 
directly  the  relative  weights  of  the  molecules.  The  molecular  weight 
of  any  gaseous  or  volatile  (without  decomposition)  body  is  found  by 
multiplying  the  experimentally  determined  density  on  the  air  scale 
(Le.  air  =  1)  by  28*92 — i.e.  the  molecular  weight  is  28*92  times  as 
great  as  the  density  of  the  gas  or  vapour  on  the  air  scale. 


Molccalar 

Density  Found. 

Density  x 

28-92.      Weights. 

Hydrogen       .              -0692 

2*00 

20 

Hydrochloric  acid  .     1*274 

.       36*84 

.        36-5 

Ammonia       .         .       '589 

.       1703 

.       17*0 

Water    .         .         .       -622 

.       17*99 

.       180 

Benzene          .         .     2*675 

.       77*36 

.       78-X) 

Relatively  small  errors  in  the  determination  of  the  vapour  density 
would  lead  to  not  inconsiderable  deviations  in  the  molecular  weight 
obtained  by  this  method ;  but  as  the  molecular  weight  must  be  a 
whole  multiple  of  the  empirical  formula,  the  results  are  quite  suih- 
dently  near  to  leave  no  doubt  as  to  which  multiple  is  the  correct  one. 

Determination  of  Vapour  Density. 

27.  The  density  of  a  gas  or  vapour  is  the  quotient  of  a  given 
volume  thereof  divided  by  the  weight  of  an  equal  volume  of  atmo- 
spheric air  at  the  same  temperature  and  pressure.  As  a  cubic  centi- 
metre of  atmospheric  air  weighs  '0012932  grm.  at  0°  and  760  mm. 
preBBure,  according  to  the  laws  of  Marriotto  and  Gray-Lussac,  the 
weight  (in  grammes)  p  of  any  given  volume  v  (in  cc.)  at  any  given 
tonperature  t  and  pressure  5  can  be  calculated  by  the  formula 

p  =  -0012932  •  , J——-  •  ~  V. 

1  +  *00367<    760 

There  is  only  required,  therefore,  in  the  estimation  of  a  vapour 
density,  the  weight  p'  and  the  corresponding  volume  v'  at  the  tempera- 
ture t  and  pressure  h  of  the  gaseous  or  vapourisable  body.  There  are 
two  different  methods  employed  for  this  purpose  :  either  the  amount 
required  to  fill  a  fiask  of  known  capacity  at  a  known  tempei*ature  and 
preasure  is  weighed^  or  the  volume  occupied  by  a  known  weight  of  the 
vapour  is  measured, 

88.  In  order  to  estimate  the  density  according  to  the  first  principle, 
a  glass  balloon  of  about  300-500  oc.  capacity  is  employed ;  the  neck 
is  drawn  out  to  a  long  caoillarx'  tube,  and  bent  at  an  obtuse  angle. 

c 
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The  flask  is  dried  by  repeated  esbauslion  uid  admission  of  dried 
air,  and  then  weighed  ^11  of  diy  air,  the  temperature  t  and  pressure 
6  being  noted.  About  5-10  grm.  of  the  liquid  under  examination  is 
introduced  into  the  slightly  warmed  balloon,  which  is  Uien  placed  in 
an  oil  bath,  heated  to  a  few  d^rees 
'w-  •*■  above  the  boiling  point  of  the  nob- 

stunce,  ns  shown  in  fig.  13.  The 
thermometer  must  be  bo  placed  ia 
'  the  oil  that  its  bulb  ia  as  high  as  the 
middle  of  the  balloon  and  as  near 
as  possible  to  it.  The  air  is  expelled 
by  the  vapour  formed,  the  excess  of 
the  latter  alao  escaping.  When  this 
ceasea  the  temperature  is  raised  about 
2O'-30'' ;  the  portion  of  the  capillary 
tube  projecting  above  the  oil  being 
also  heated,  to  volatilise  any  liquid 
condensed  tbere;  the  point  fused  in 
the  blowpipe  flame,  the  temperature 
t,  and  tlie  presaure  b  being  noted  at 
the  same  time.  The  balloon  is  now 
removed  from  the  oil  bath,  carefully 
cleaned,  and  when  cold  weighed. 
The  next  point  is  to  ascertain  the 
capacity  of  the  balloon  and  the 
volume  of  any  air  left  in  it.  The 
point  is,  therefore,  broken  off  under  mercury,  whereupon  the  balloon 
fills  with  the  metal.  If  a  gas  bubMe  of  sufficient  size  to  afiect  the 
result  is  visible,  it  is  transferred  £o  a  graduated  tube  placed  over 
mercury,  and  its  volume  and  weight  determined,  calculated  also  to 
the  temperature  of  the  bath  and  pressure  at  the  time  of  fusing,  and 
both  numbers  used  for  the  correction  uf  the  weight  and  volume  of  the 
vapour. 

The  balloon,  after  completely  filling  with  mercury,  is  then  emptied 
into  n  graduated  vessel,  in  order  to  determine  its  capacity  at  lh» 
ordinaiy  temperature.  The  following  data  for  the  calculation  of  the 
vapour  density  are  now  obtained  ; — 

F  weight  in  grammes  'of  the  balloon  filled  with  air  at  thff 

temperature  I  and  the  pressure  b. 
v'  weight  in  grammes  of  the  balloon  filled  with  vapour  at  the 

temperature  ('  and  the  pressure  h'. 
T  capadty  of  the  balloon  at  the  temperature  (. 


From  these  the  weight  p  of  the  atmosphei 
and  b  mm.  pressure  is  thus  calculat^l. 


t  the  balloon  at  i* 


The  weight  of  the  glass  of  the  lialloon  i»Y  ~  p,  that  of  the  vapour 
therefore  p'  —  (p  —  p). 

The  glass  expands  on  heating;  therefore  the  capacity  v'  of  th« 
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balloon  at  the  temperature  ^  is,  if  A;  be  the  coefficient  of  cubic  expansion 
of  the  glaas  (free  from  lead  =  00255)— 

v'  =  V  (1  +  A;  t'). 

Therefore  the  weight  of  an  equal  volume  of  air  under  like  cir- 
cumstances 

= -0012932  .  V  [1 +*  t']  .  j^p^ggy^  .  4 

the  vapour  density  d  of  the  body   being  (without  correction  for 
any  residual  air  in  the  balloon) 

P^ p'-(p-j>) 

•0012932  .  V  .  (1  +  A  O  .    1  +  .00367F  '  760 

29.  Two  important  methods  based  upon  the  second  principle  are 
now  in  use — ^riz.  the  methods  of  Hoffmann  and  Victor  Meyer,  which 
are  based  upon  the  method  of  Gaj-Lussac,  now  seldom  used. 

Hoffinann's  method  is  applicable  to  bodies  whose  boiling  point 
is  considerably  below  lOO*'  C,  and  whose  vapours  already  follow  the 
laws  of  Marriotte  and  Gay-Lussac  at  the  boiling  point  of  water. 
This  excellent  method  may  also  be  used  for  the  vapour  density  de- 
termination of  less  volatile  bodies,  as  by  the  employment  of  a  toiri- 
oellian  vacuum  accurate  measurements  of  the  volumes  may  be  made 
at  a  much  lower  temperature  than  the  body's  actual  boiling  point 
under  atmospheric  pressure. 

A  graduated  barometer  tube  about  1  metre  long  a  (fig.  14)  Ls 
completely  filled  with  dry  mercury  and  inverted  in  a  vessel  full  of 
mercury.  The  tube  is  then  surrounded  by  a  .wider  tube  h,  fitted 
tightly  to  it  by  the  cork  c.  At  the  upper  end  of  this  surrounding ' 
tube  a  tube  d  is  fitted  for  the  entrance  of  vapour,  whilst  an  exit  tube, 
united  to  a  condenser,  is  attached  to  its  lower  end. 

A  small  bottle  of  1  cc,  or  less,  content,  provided  with  a  glass 
stopper,  is  completely  filled  with  the  substance  under  investigation, 
and  the  weight  P  of  Uie  contents  determined  by  weighing.  The  bottle 
is  then  sent  up  the  barometer  tube,  when  the  stopper  is  generally 
expelled  by  the  excess  of  interior  pressure.  A  good  stream  of  the 
vapour  of  some  substance  of  known  boiling  point  is  then  passed 
through  the  annular  space  between  the  cylinder  and  measuring  tube, 
by  which  the  latter  and  its  contents  are  soon  raised  to  a  like  tempe- 
rature. 

The  substances  generally  used  in  the  vapour  bath  are  water  for  the 
more  volatile  and  aniline  for  the  less  volatile  bodies. 

The  liquid  contained  in  the  bottle  is  converted  into  vapour,  de- 
pressuig  the  mercurial  column.  As  soon  as  this  has  reached  a  constant 
position  in  the  measuring  tube  the  volume  of  vapour  v  is  read  off, 
together  with  the  atmospheric  barometric  pressure  b,  the  height  ii  of 
the  mercurial  column  inside  the  measuring  tube  and  the  boiling  ]K)int 
of  the  liquid  used  for  the  vapour  bath  being  also  noted.  When 
aniline  or  other  high-boiling  liquids  have  been  employed,  the  pressure 
on  the  vapour  at  the  temperatiure  t  is  not  simply  =  b  —  h,  the 
interior  mercurial  column  being  considerably  heated  and  its  sp.  gr. 

c2 
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Uiereby  diminiflbed.  The  height  must  there&re  be  calcnlated  to  the 
tempentore  ('  of  the  exterior  air ;  this  may  be  accomplished  approxi- 
iiuit«l7  by  the  formula 

H'  =  H  [1  -  -00018  {*  -  (')] 
A  correction  mvat  also  be  made  for  the  tension  of  the  mercurul 


vapour  T.     This  has  been  determined  by  Regnault,  and  can  be  reOL^K- 
off  directly  from  his  tables. 

The  pressure  which  the  vapour  exerts  if 
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=  -0012932  •  V 
and  the  vapour  density 


B  —  h'  —  T 

(1  +  -003670  760 


Fio.  Iff. 


p  (1  +  '00367<)  .  760 
^  "  0012932  .  V  (b  -  h'  -  t) 

SO.  A  more  recent  method,  that  of  Victor  Meyer,  allows  of  the 
density  of  bodies  being  very  accurately  determined  within  very  wide 
ranges  of  temperature. 

The  principle  of  the  process  is  similar  to  that  of  Hoffmann's,  and 
consists  in  comparing  the  weight  of 
an  equal  volume  of  air  with  that  of 
the  substance  in  the  gaseous  state. 

The  apparatus  employed  is  shown 
in  ^.  15. 

The  bulb  a  of  the  vapourisation 
tube  A  is  immersed  in  a  cylindrical 
vessel  containing  a  liquid  to  serve  as 
bath ;  this  latter  is  heated  until  a  con- 
stant temperature  is  attained,  when 
the  substance — about  '1  grm. — pre- 
viously weighed  in  the  small  tube  e, 
10  to  20  mm.  long  and  2  to  4  wide, 
and  lightly  held  on  the  bent  wire  g 
passing  through  the  cork  of  the  • 
vapourisation  tube  (shown  on  an 
enlarged  scale  at  b,  ^.  15),  is  al- 
lowed to  &11  to  the  bottom  of  the 
wide  portion  by  slightly  rotating  the  wire.  As  soon  as  the  substance 
arrives  at  the  heated  portion  of  the  tube,  it  passes  into  the  vaporous 
state,  and  expels  an  equal  volume  of  air  by  the  side  tube  </,  which  is 
received  in  a  measuring  tube  over  water,  and  its  amount  read  off*, 
temperature  and  pressure  being  noted. 

The  temperature  in  the  vapourisation  tube  need  not  be  accurately 
known,  only  that  it  be  sufficiently  high  for  the  whole  of  the  substance 
to  be  in  a  gaseous  stata 

For  very  high  temperatures  the  wide  portion  of  the  vapourisation 
tube  must  be  of  platinum  or  porcelain,  and  the  bath,  instead  of  water, 
•"HiTi^^  Jic,f  may  be  melted  lead,  or  for  the  highest  temperatiues  a 
small  reverberatory  gas  furnace. 
The  abbreviated  formulse 

8  .  760  (1  +  '003665^°) 
(b-«?)v  .  -0012932 

density  sought, 

weight  of  substance  used, 

w)^=  barometer  minus  tension  of  water 
vapour  at  t^,  the  temperature  of  ob- 
servation reduced  to  0®  C, 

vol*] me  air  in  c.  oentim., 


D  = 


where  d: 

8  s 

(B 


V  = 
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•001 2932  =  weight  of  1  ec.  air  at  760  mm.  b  aiid  0°  C, 
<^=  temperature  of  room  or  air  in  measuring  tube, 

will  give  the  required  density  with  sufficient  accuracy. 

Rational  Formuljb  akd  Organic  Radicals. 

31.  The  molecular  formula  of  an  .organic  compound  shows 
which  elements  and  what  number  of  atoms  of  each  are  contained  in 
the  molecule,  without  expressing  the  order  and  method  of  their  union. 

The  study  of  chemical  changes  shows  that  in  the  greater  number 
of  organic  molecules,  atoms  of  any  ingredient  elements  can  be 
replaced — singly  or  in  groups — with  diffiaring  ease,  by  other  element- 
ary atoms,  or  eliminated  without  replacement,  and  that  they  must 
be  united  with  varyuig  d^rees  of  firmness.  In  order  to  express  this 
fact  in  the  formula,  the  symbols  of  the  respective  elements  are  not 
written  once  only,  but  repeated  as  frequently  as  may  be  required  to 
indicate  the  varying  degrees  of  firmness  of  union.  The  number  of 
atoms  in  each  particuliu:  form  of  union  are  expressed  in  the  usual 
manner.  Formuke  modified  in  this  way  are  termed  ratiowU 
Jarmulce. 

In  such  rational  formuke  there  must  evidently  exist  some  groups 
of  atoms  which  suffer  no  change  during  a  given  reaction ;  such  an 
unattacked  residue  or  constituent  common  to  both  the  original  and 
derived  body  is  termed  a  radical,  and  when  it  contains  carbon  it  is 
termed  an  organic  radical  or  residue. 

An  example  will  easily  demonstrate  these  statements.  Ordinary 
(ethylic)  alcohol  whose  formula  is 

CjHgO 

gives  up  one  of  its  six  hydi'ogen  atoms  when  treated  with  sodium, 
1)eing  thereby  converted  into  the  body  CaH^NaO.  In  this  reaction 
the  group  CaH^O  remains  unchanged,  and  is  therefore  the  radical 
of  ethylic  alcohol,  and  the  rational  formula  would  be 

C2H5O.X1. 

This  body  is,  however,  capable  of  further  changes ;  by  treatment  with 
ozone  or  with  easily  I'educible  bodies,  it  loses  two  hydrogen  atoms, 
without  replacement,  being  converted  into  aldehyde,  O2H4O,  which 
can  further  take  up  an  additional  atom  of  oxygen,  yielding  acetic 
acid.     From  this  the  rational  formula  of  alcohol  is 

CjH^O.Ha, 

in  which  the  group  C2H4O  appears  as  the  radical. 

By  numerous  decompositions  groups  of  different  elementary  atoms 
are  simultaneously  removed  from  the  original  compound.  By  the 
action  of  hydrochloric  acid,  alcohol  is  changed  into  the  body  CsHsCl 
and  water,  having  its  oxygen  atom,  together  with  one  of  the  hydrogen 
atoms,  removed,  and  only  a  single  chlorine  atom  entering  in  their 
]>laoo.    This  reaction  leads  to  the  formula 

C2H5.OH, 

in  which  the  organic  radical  C2H5  (ethyl)  is  united  to  the  inorganic 
radical  OH  (hydroxyl). 
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Ab  organic  compound  can  have  in  this  way  different  rational 
/ormtike,  corresponding  to  the  different  methods  in  which  it  suffers 
decomposition.  Rational  formulae  of  such  a  kind  are  only  reaction  or 
decomposition  JarmulcB. 

Both  the  reaction  formulse  for  ethylic  alcohol,  CjHg.OH  and 
C^Hfi.H,  can  be  united  into  the  single  formula 

C2H5.O.M, 

from  the  fact  that  the  atom  of  hydrogen  replaced  by  sodium,  is  no 
other  than  the  one  which  is  expelled  simultaneously  with  oxygen  by 
action  of  hydrochloric  acid. 

CjHj.O.H  +  Na  =  CjHft.O.Na  +  H 
C2H4.0.H  +  HCl  =  C2H5.CI  +HOH. 

By  this  the  united  rational  reaction-formulse  obtain  a  further 
significance.  The  actual  connection  of  this  hydrogen  atom  to  the 
oxygen  atom  can  only  be  that  both  are  united  together,  that  the 
monad  H  ia  united  to  the  organic  residue  CJB^s  ^7  means  of  the 
d3rad  O.  The  rational  formula  C2H5.O.H  expresses  the  order  of  com- 
bination of  at  least  two  atoms  in  the  alcohol  molecule,  as  well  as 
certain  decomposition  possibilities,  and  becomes  therefore  a  constitu- 
tional formula. 

Similarly  to  the  oxygen  and  one  hydrogen  atom  of  the  ethylic 
alcohol,  the  method  of  union  of  the  elements  composing  the  radical 
C^Hs  may  be  settled  by  the  study  of  reactions  of  greater  extent,  not 
alone  by  decomposition  processes,  but  also  by  the  reverse — syntJiesis^ 
the  building  up  of  the  organic  compound  from  simpler  bodies,  or  even 
fix>m  its  constituent  elements. 

Alcohol,  as  already  mentioned,  is  converted  by  oxidation  into 
acetic  add,  Q^fi^,  In  this,  by  ti*eatment  with  phosphonc  chloride, 
one  hydrogen  and  one  oxygen  atom  are  replaced  by  one  chlorine 
atom,  the  body  C2H3OCI  b^g  formed.  Acetic  acid  has,  therefore, 
the  hydrate  formula  C2H3O.OH.  If  its  sodic  salt  CjHaO.ONa  be 
submitted  to  dry  distillation  with  sodic  hydrate,  NaOH,  a  residue 
of  sodic  carbonate,  is  left,  and  mai-sh  gas,  CH4,  is  evolved.  Accord- 
ing to  the  equation : 

CjHaO.ONa  +  NaOH  =  (X>^^ix^  4-  CH^ 

the  sodic  carbonate  obtaining  COjNa,  the  marsh  gas  CH3,  from  the 
sodic  acetate.  The  reaction  is  expressed  completely  in  accordance  with 
the  fects  by  the  rational  formulae  : 

CH,-CO.ONa  +  HONa  =  CH3H  +  CO.ONa.ONa. 

From  this  it  is  highly  probable  that  in  acetic  acid  three  hydrogen 
atoms  are  united  to  one  carbon  atom,  the  two  oxygen  atoms,  and  by 
means  of  one  of  them  the  fourth  hydrogen  atom,  to  the  other  carbon 
atom.     Numerous  other  reactions  lead  to  the  same  conclusion. 

The  detailed  constitutional  formula  obtained  for  acetic  acid  in  this 
way,  leads  to  the  further  conclusion  that  in  ethyl  alcohol  also  the 
same  group,  CH3,  must  occur,  and  makes  it  probable  tliat  the  con- 
stitutional formula  is  CH3.CH2.OH.  Complete  confirmation  of 
this  view  is  obtained  in  the  synthesis  of  ethyl  alcohol  from  marsh  gas. 
On  exposing  a  mixture  of  tins  gas  and  chlorine  to  diffused  daylight. 
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there  results,  with  elimination  of  one  of  the  four  hydrogen  atoms,  the 
the  body  CH3CI,  methylic  chloride  : 

CH4  -f  Cla  =  CHaCl  +  HCl, 
which  by  heating  with  potassic  cyanide  yields  potassic  chloride  and 
methylic  cyanide : 

CHaCl  +  KON  =  KCl  +  CHj.CN. 
Nascent  hydrogen  converts  the  latter  into  ethylamine  : 

CH3.CN  +  4H  =  Cn3.CH2.NHa, 

in  which,  by  action  of  nitrous  acid,  the  amide  group  NH2  jnay  be 
replaced  by  hydroxyl,  OH  : 

CH3.CH2.NHa  +  NO.OH  =  HjO  +  Na  +  CH3.CH2.OH, 

the  product  obtained  being  ethylic  alcohol. 

The  constitutional  formula  obtedned  in  this  way  not  only  makes 
clear  all  the  known  reactions  of  alcohol,  but  shows  at  the  same  time 
in  what  order  the  component  atoms  must  be  united  amongst  them- 
selves, or,  in  other  words,  it  expresses  the  constitution  of  the  com- 
pound radicals  of  the  less  detailed  i*ational  formula.  Therewith  it 
helps  to  a  large  extent  to  the  solution  of  one  of  the  most  important 
questions  of  chemical  knowledge — from,  tlie  nature  and  position  of  the 
component  elementary  atoms  to  determine  tlie  jJropertiea  of  a  com- 
pound. 

Constitutional  formulae  which  show  in  this  way  the  relative 
positions  of  all  the  atoms  in  the  molecule  of  a  compound  are  termed 
structural  formulae.  They  are  based  upon  the  intrinsic  presuppo- 
sition of  the  valency  of  the  chemical  elements. 

Outlines  of  the  Chemical  Structure  of  Organic  Bodies. 

32.  The  groundwork  of  every  organic  molecule  is  the  tetrad 
carbon  atom. 

By  the  saturation  alone  of  the  four  bonds  of  a  single  carbon  atom 
by  all  possible  other  mono-  or  polyvalent  elementary  atoms,  a  very 
large  number  of  organic  compounds  will  result,  which  are  known  as 
the  mono-carbonides.  We  know  that  nearly  all  elementary  atoms 
are  able  to  combine  not  only  with  those  of  other  elements,  but  also  to 
unite  amongst  themselves.  Monad  elements  form  their  free  mole- 
cules in  this  way,  which  in  the  undecomposed  state  are  incapable  of 
further  dii*ect  combination  :  e.g.  H — H  hydrogen  gas,  CI — CI  chlorine 
gas. 

On  the  other  hand,  when  two  atoms  of  a  polyvalent  element  unite 
with  each  other,  it  may  be  by  employment  of  their  total  attraction 
possibilities,  e.g. 

0=iO  oxygen  gas, 

or  only  a  part  of  it  is  employed  for  this  purpose,  whilst  the  other  parts 
are  available  for  union  with  other  elements,  e.g. 

H — O — O — H  hydric  peroxide. 

The  higher  the  valency  of  an  elementary  atom,  the  more  complicated 
and  various  will  be  its  capability  of  uniting  with  other  atoms  of  the 
same  or  other  elements. 

If  two  carbon  atoms  (in  the  dicarbonides)  coalesce  with  employ- 


i 
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ment  of  only  one  bond  each,  there  remains  to  each  atom  thiee — 
together  six — bonds  disposable  for  union  with  other  atoms,  e.g. 

H    H 

H— C— C— H 

I 
H 

By  union  by  means  of  two  bonds,  each  has  but  two  bonds  left — 

H  H 

\        / 
C=zC 

\ 
H 

by  trivalent  union,  each  only  one — 

H— C^C— H 

33.  The  number  of  carbon  atoms  directly  united  to  one  molecule 
can  proceed  far  beyond  two.  There  are  carbon  groups  or  '  carbon 
nuclei '  which  contain  three  (tricarbonides),  four  (tetracarbonides),  five 
(pentacarbonides),  and  so  on  up  to  thirty  or  more  carbon  atoms,  com- 
bined together.  This,  therefore,  comes  to  the  fact  that  a  carbon  atom 
may  be  united  to  several  others  with  only  partial  saturation  of  their 
bonds.  In  this  relation  the  union  of  a  carbon  atom  with  only  one  other 
is  distinguished  as  union  of  the  first  order,  or  primary  union,  which 
may  be  mono-,  di-,  or  trivalent.  The  combination  of  an  atom  with 
two  others  forms  a  union  of  the  second  order,  or  secondary  union — 


/ 


H 

H 

H       H 

H 

1 

1 

\  / 

1 

H     C     H 

H    C— H 

C 

C 

1 
H— 0     H 

C    H 

c 

1 
0 

1 
H    C— H 

I 

c 

H— C— H 

1 
H 

^\ 

/\ 

A 

Seoondary 

Secondaiy 

Secondary 
di-  and  divalent 

Secondary 

muDovalciit 

mono-  and  divalent 

tri-  and  monovalent 

anion. 

anion. 

onion. 

union. 

In  the  combinations  of  the  third  order,  or  tertiary  unions,  one 
carbon  atom  is  in  combination  with  three  others — 

H  H 


H— C— H  H— C— H 

H  H 

H— <J C— H  0 U— H 


H 
H— C-H  H— C— H 


H 


H 
whereby  the  nucleus  must  contain  at  least  four  carbon  atoms. 
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Finally,  a  carbon  atom  can  be  in  combination  with  four  others, 
forming  a  combination  of  the  fourth  order,  or  quaternary  union — 

H 

I 
H— C— H 


H 


H 


H 


H 


H— C 0 C— H 

:  ] 

H~C— H 

I 
H 

This  requires  a  nucleus  of  at  least  five  carbon  atoms. 

34.  When  a  nucleus  contains  primai'ily  and  secondarily  combined 
carbon  atoms  only,  it  forms  a  simple  open,  so-called  normal  chain — 


C— C— C — C— 


Side  or  secondary  chains  result  when  to  one  of  the  carbon  atoms 
placed  in  the  secondary  position  in  a  simple  chain  a  third  or  fourth  is 
united — 

I   I    I    I    I 

— C— C— c— c— c— 

i  "I   I 

I       >  side  chain. 


Primarily  united  carbon  atoms  can  only  occur  at  the  end  of  chains ; 
they  are  *  terminal,*  all  others  being  *  intermediate.* 

If  the  terminal  carbon  atoms  of  a  simple  open  chain  also  unite 
with  one  another  so  that  the  primary  combination  is  completely  lost, 
there  results  dosed  chains  or  carbon  rings,  e.g. 


— C— C— 


c— 


\^ 


!— C 

/   \ 

to  which  furdier  side  chains  may  be  attached — 

\       / 


— c        c— c—c 

V/  '  ' 
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36.  The  greater  the  nmnber  of  carbon  atoms  united  to  a  nndeua 
in  a  molecaley  the  greater  the  nnmber  of  carbon  chains  become. 
Whilst  by  onlj  monoyalvent  combination  two  carbon  atoms  can  form 
only  one  nudeos — 

C— C 

with  three  atoms  there  are  two  such  |)0e8ibilitie6 — 

C 

/\ 
C— C— C        and         C— C 

Foor  carbon  atoms  could  form  five  nuclei — namely,  two  with  open 
and  three  with  closed  chains — 

C— C~C— C  C— C— C 


C  C C  C— C 

/\  /\/  I      I 

C— C— C  C— c  c— c 


i 


With  five  carbon  atoms  there  are  three  possibilities  with  open  chains— r 

C 
C— C— C— C— C  C— C— C— C  I 

C— C— C 

I 

c 

and  seven  with  closed  chains — 

C— C  CO  C 

d—c-c  a-c—c  c— c— c— c 

c— c  c— c 

/\  \  /\/\ 

C— C— C  C— 0— c 

c 

c-c  /    \ 

I    i  c       c 

a  total  of  ten,  and  so  on  in  rapidly  increasing  progression.     . 

The  number  of  possible  modifications  of  nuclei  grows  also  consider- 
ably by  the  introduction  of  di-  or  trivalent  union  of  the  carbon  atoms. 
In  cases,  therefore,  where  all  the  bonds  not  employed  in  nucleus- 
building  are  saturated  by  atoms  of  one  and  the  same  element,  e.g. 
hydrogen,  a  very  considerable  number  of  organic  bodies  may  exist 
having  the  same  content  of  hydrogen  and  carbon  atoms,  but  entirely 
differing  properties,  owing  to  the  difference  of  their  nuclei  (isomeric 
compounds ;  see  §  46). 

36.  To  a  polyvalent  nucleus  (as  to  a  polyvalent  element)  atoms 
of  several  different  elements  can  be  attached  ;  the  number  of  possible 
organic  compounds  is  therefore  enormous. 

In  hydrogen  and  carbon  compounds  the  hydrogen  atoms  may  be 
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totally  or  f>artially  replaced  by  those  of  another  monad  element.    If 
chlorine  is  the  replacing  element  we  have,  in  addition  to  the  body — 

01 

I 
CI— 0—01 


01 
still  three  other  monocarbonides  containing  hydrogen  and  chlorine — 

H  H  01 


H— 0— H  H— 0— 01  H— 0— 01 


h 


Jl  '  01  01 

or  OH3OI  OHjOla  OHOI3 

and  similarly  also  with  bromine,  iodine,  &c,,  compounds. 

By  attachment  of  three  different  monad  elements  such  compounds 
are  formed  as 

OHjOlBr  OHBrjI 

Possibly  also  a  body  may  be  formed — 

OHOlBrl. 

37.  When  polyvalent  elements  unite  with  a  carbon  nucleus  it 
may  be  either  with  their  whole  valency,  e.g. 


H    H 

0 

H    C    0—0 

H    0    0    H 

H 

1 

1 

(V-N 

H 

K    H 

or  with  only  a  part.     In  this  case  the  polyvalent  elementary  atom 
brings  other  elements  into  the  compound  with  it — 

H    H  H    H  H 

II  11/ 

H— 0— 0— O— H    H—O— 0— N 

t      I  I     1        \ 

H    H  H    H  H 

If  the  latter  be  not  carbon,  compounds  of  carbon  nuclei  with  inorganic 
radicals  will  result  (such  as  above  with  hydroxyl,  HO — ,  amidc^en, 
H^N — )•  A  polyvalent  element  can  unite  quite  as  well  with  one  part 
of  its  valency  to  one  carbon  nucleus,  and  with  the  remainder  to  other 
carbon  nuclei.  Dyad  elements  can  unite  in  this  way  with  two  carbon 
nuclei,  e.g. 

H  H   H 


H-0— O— 0— 0— H 

I      I 
H  H 


i 
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with  two  or  three  nnelei — 

H   H   H 

H    H 

J.    1     ! 
C— c— c 

-H 

II         /III 
H— C— C— N     H   H  H 

1      1 

\ 

H  H 

u 

29 


H 


z 

-3 

I2H5  Ac. 

Organic  bodies  result  in  this  way  with  more  than  one  carbon  nodeos. 
381  The  nnmber  of  nuclei  held  together  in  a  molecule  by  a  poly- 
valent element  can,  of  coune,  exceed  the  valency  of  the  re^^ectiye 
elements,  if  there  be  several  atoms  of  Hhe  same  element  attached  to  a 
single  carbon  nucleus  by  a  part  of  their  bonds,  e.g. 


1 


X>-C,H, 


oxide  with  three  nucleL 


oxide  with  four  nuclei. 


nitrogen  compound  with  four  nucleL 


38.  Chemical  PotUian, — ^The  nature  of  the  compound  of  one  and 
the  same  carbon  nucleus  with  several  other  elements  at  the  same 
time,  depends  not  only  on  the  relative  number,  but  in  many  cases  on 
their  position  relatively  to  the  individual  carbcm  atoms  of  the  nucleus. 

If  a  dicarbonide  nucleus  is  united  to  only  a  single  other  elementary 
atom  besides  hydrogen  atoms,  it  is  quite  indifferent  to  which  of  the 
two  carbon  atoms  it  is  attached. 


and 


identical. 


^ 


30 


ISTBODUCTION. 


So  sooDy  however,  as,  by  increase  in  the  number  of  carbon  atoiiu^ 
the  method  of  union  of  the  individual  carbon  atoms  differ,  the  order 
of  partition  is  no  longer  without  influence  upon  the  character  of  the 
organic  molcule.     The  molecules 


CH 

I 


and 


3 


and 


CHj 

\ 
OH 


^H 


CHa 
?<0H 


CH 


3 


though  consisting  of  like  numbers  of  atoms  of  the  same  elements,  are 
yet  completely  different  bodies,  as  the  chemical  pa<dtion  of  the  chlorine 
atom  or  hydroxyl  group  is  not  of  the  same  value  in  the  first  as  in  the 
second  case. 

If  a  dicarbonide  group  has  attached  to  it,  besides  hydrogen  atoms, 
at  least  two  other  elementary  atoms,  or  radicals,  the  order  of  dis- 
tribution or  chemical  position  of  these  will  have  influence.  The 
structural  formulfe 


Cf-H 
^H 


c^a 


and 


e.g.,  belong  to  two  entirely  different  bodies  of  the  general  molecular 
formula  CSH4CI2 ;  similarly  there  exist  the  bodies  of  similar  mole- 
cular composition  but  completely  different  properties — 

OH3 


K 


H 


and 


N) 


and  again 


CH 


3 


O— CH, 


C<-0-C,H» 
N)-0,H, 


CH, 


and 


CH, 
O— C,H, 


VALENCY  OF  THE  CABBON  NUCLEUS.        *31 

40.  Vatencif  of  the  Carbon  Nudeut. — ^The  valency  or  satnration 
capability  of  a  oarbon  nucleus  wit*h  which  it  unites  to  other  elementSy 
is  expreaeed  by  the  difierenoe  between  the  sam  of  the  valency  of  the 
carbon  atoms  composing  it,  and  the  valency  employed  in  their  mutual 
union. 

If  the  union  is  in  the  simplest  way — ^Le.  if  n  carbon  atoms  with  a 
total  of  4  n  bonds  combine  to  an  open  chain,  with  mutual  monovalent 
union  only — there  are  then  n  —  1  bonds  left,  of  which  each  corresponds 
to  two  attraction  units.    The  valency  of  the  nucleus  is  therefore 

4n  —  2(n-l)  =  2n  +  2, 

whether  the  chain  is  single  or  has  side  chains. 

Another  kind  of  consideration  leads  to  the  same  result.  In  the 
simple  open  chain  of  n  C  there  are  two  terminal  carbon  atoms,  each 
with  thi^  n  —  2,  intermediate  atoms  with  two  each,  in  sum  a  valency 
of  2. 3  +  2  (n  —  2)=6  +  2w-4  =  2n  +  2for  attachment  to  other 
elements.  The  entry  of  side  chains  does  not  affect  the  result,  because, 
though  satisfying  one  valency  of  an  intermediate  carbon  atom,  its  own 
termmal  carbon  atom,  having  a  valency  of  three,  makes  the  total  ad- 
ditional valency  2  n' ;  e.g.  for  the  different  pentacarbonide  nuclei  with 
only  monovalent  union — 

I    I   I    I'  I 

1.  Nucleus  — C— C— C— C— C— 

I      i      i      I      I 

Two  terminal  C  atoms  with  2.2  +  2         available  bonds 

Three  intermediate  „      „        „     3 . 2  „  „ 


Total  5.2  +  2  =  12      „ 


99 


2.  Nucleua  — C— C— C— C— 

I      I      I      I 
— C— 

I 

Three  terminal      C  atoms  with  3.2  +  3      available  bonds 
One  intermediate  „  atom      „     1.2 


»  » 


» »» 99      » >» £ >> Dond. 

Total  five  „  atoms    „     4.  2  +  4  or  5.  2  +  2  bonds 


I      1      I 
3.  Nucleus  — C— C— C— 


I 

Four  terminal       C  atoms  with  4.2  +  4       available  bonds 
One  intermediate  „  atom     „     0  „        bond 

Total  five  „  atoms    „     4.2  +  4  =  5.2+2    bonds 

For  every  divalent  unicm  of  neighbouring  carbon  atoms  the 
Dumber  of  bends  used  in  the  nucleus  increases  by  two»  the  number 


-/ 
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of  available  bonds  decreasing  by  two.  In  open  chains,  and  where 
the  divalent  union  occurs  but  once,  the  valency  of  the  nucleus 
i82n  +  2  —  2  =  2ny  when  the  divalent  union  occurs  twice,  2  n  +  2 
—  2.2  =  2w  —  2,  &C. 

From  the  same  grounds,  with  bivalent  union  of  neighbouring 
carbon  atoms  of  the  2  n  +  2  bonds  originally  available,  four  are  used 
up,  making  the  valency  of  the  nucleus  2  n  —  2. 

Where  by  the  union  of  two  terminal  carbon  atoms  a  closed  chain 
is  formed,  and  the  union  is  monovalent,  two  bonds  are  employed.  If 
there  results  a  single  ring  without  side  chains,  and  in  which  the 
union  between  the  carbon  atoms  is  monovalent  only,  the  valency  of 
the  nucleus  will  be  2  n. 

According  to  these  principles  the  valency  of  every  nucleus  of 
known  structure  is  easily  determined,  even  though  it  contains  many 
varieties  of  combination ;  e.g.  for  the  nucleus  containing  eight  carbon 
atoms 

\    / 

\    I   I 

C— C— C— 

V/   '  I 

/    \ 

The  valency  can  be  easily  calculated  as  follows  : — 

Possible  maximum  valency  of  a  nucleus  of  8  C .  2.8  +  2 

The  closing  of  the  ring  diminishes  it  by    .         .  2 

Three  div^ent  unions    „  „  .         .  6 

Total  loss  of  available  bonds     ...  8 

There  remains 

2.8  +  2-8=2.8-6=10; 

or  for  all  nuclei  of  similar  structure  and  n  carbon  atoms  2  n— 6  as  the 
valency. 

41.  Valency  of  Compmind  Organic  Radicals, — The  valency  of  an 
organic  radical  (the  constituent  common  to  both  original  substance 
and  final  product  of  a  reaction)  depends  on  the  valency  of  the  carbon 
nucleus  and  on  the  number  of  atoms  attached  thereto,  and  equals  the 
difference  between  these  two.  If,  for  example,  an  open  chain  of 
monovalent  union,  and  whose  valency  therefore  is  2  7*  +  2,  has  united 
to  it  2  71  +  1  hydrogen  atoms,  there  remains  a  single  carbon  bond  to 
unite  with  other  elements. 

2w  +  2-(2w+l)=l. 

Badicals  of  the  general  formula  CnH2n+i  are  therefore  monovalent, 
those  of  the  composition  CnHan  divalent,  <fec. 

If  a  compound  radical  contains  united  to  its  carbon  nuclear  not 
only  monad  elements,  but  also  polyad  elements,  the  method  of  union 
of  the  latter  can  often  be  settled  by  the  empirically  ascertained  valency 
of  the  radical. 

In  the  reactions  of  acetic  acid,  for  example,  the  group  O2H3O 
frequently  passes  unchanged  as  a  radical  into  the  new  compound,  and 
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is  then  always  monovalent.  As  the  C3  nucleus  is  hexavalent,  the 
monovalent  radical  C3H3O  must  have  the  oxygen  united  to  carbon 
with  both  its  bonds. 

42.  ScUureUed  and  UnscUuraied  Organic  Compounds. — In  cases 
where  di-  and  trivalent  union  occurs  between  carbon  atoms  in  organic 
compounds^  these  latter  are  frequently  capable  of  uniting  with  further 
elementary  atoms,  especially  so  with  the  halogens  and  with  nascent 
hydrogen,  with  change  of  the  polyvalent  union  into  monovalent. 

For  example,  the  molecule  of  ethylene — 

absorbs  a  molecule  of  chlorine  (CI2),  being  thereby  converted  into  an 
ethxme  derivative : 


+  C1.= 


^1 


C— H 


In  the  case  of  acetylene     |||  the  addition  of  halogen  takes 


place  in  two  stages : 


C— H 


C— H 


+  Br,  = 


H 


+  Bro  = 


9<5r 


<^<fr 

/^ 
C^-Br 

^Br 

C^Br 
^Br 


In  benzene  in  three  stages  : 
H  H 


\ 


C— 


:-/ 


\ 


H       Br    H 

\     \/ 
C— C 


0— H   +  Br,  =  H— C  C<B 


/ 


\ 


/ 


\ 
H 
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Br  HBr   H 

\l     1/ 
C-C 

Benzene  +  2Br2  =  ^^C  C<3^ 


\         / 

\ 
H 


/ 


Br  HBr  H 

\l     1/ 
C— C 

Benzene  +  SBr^  =  ^yc  C<g^ 

C— C 

/I     l\ 
Br   HH   Br 

Compounds  capable  of  anion  in  this  way  are  termed  unsaturated. 
When  the  capacity  of  saturation  of  a  carbon  nucleus  is  less  than 
CnH2n+2>  ^^  account  of  its  being  closed  in  a  ring  form,  the  mole- 
cule acts  as  though  saturated — i.e.  cannot  combine  directly  with 
halogens,  nascent  hydrogen,  &c.  In  open  chains  the  maximum 
capacity  of  saturation  reachable  is  2  n  +  2,  in  single  closed  rings  ^  2  n, 
in  molecules  with  double  rings  2  n— 2,  &c. 
Whilst,  for  example,  the  molecule 


H  .H 

H  C^H 

H  I^H 


H 

C — H     is  easily  converted   into     C<^-rT 


h 


C— H  C^H 

H 

the  nucleus  valency  increasing  from  2  n,  to  2  n  +  2  ;  by  analogy,  the 
body  represented  by  the  symbol 

H      H 

\/ 
C 

HH 

would  not  be  easily  affected,  the  nucleus  valency  remaining  2  ti,  as 
there  ia  in  it  only  monovalent  carbon  union,  difficult  to  dicgoin. 
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Isomerism. 

43.  In  the  foregoing  paragraphs  frequent  mention  has  been  made 
of  compounds  which,  though  possessing  the  same  general  molecular 
formulae,  exhibit  different  properties  in  consequence  of  the  varying 
arrangements  of  their  elementary  atoms,  being,  in  fact,  different 
chemical  bodies.  Such  oompoimds  are  termed  isomeric  (from  laofiepifCf 
composed  of  equal  parts.)  The  term  isomerism  has  in  general  a  still 
further  meaning,  being  applied  to  all  bodies  lohich  on  vltimate 
analysis  show  ^  same  percentage  composition — that  is,  contain  the 
same  elements  in  the  same  ratio.  In  consequence  isomerism  is 
divisible  into  several  varieties. 

44.  Polt/merism, — Bodies  of  the  same  percentage  composition  but 
of  different  molecular  weight  are  termed  polymeric  compounds. 
Their  molecular  formulse  are  either  whole  multiples  of  one  another 
or  at  least  of  the  same  simplest  atomic-ratio  formula. 

Such  a  difference  has  already  been  mentioned  in  §  22. 

The  simplest  ratio  formula         .  CH2O 

Corresponding  body,  acetic  acid  C2H4O2 

Lactic  acid       ....  CsHqOs 

and  grape  sugar        .         .  CeHi206 

Another  group  of  polymeric  bodies  is  formed  by  those  hydro- 
carbons whose  formulae  are  multiples  of  CH2. 


Ethylene 

C2H4 

Propylene 

CgHg 

Butylene 

C4H8 

Amylene 

ClftHio 

Hexylene 

CeHja 

These  latter  show  considerable  resemblance  in  their  properties. 

From  this  variety  of  polymerism,  in  which  the  difference  is  in  the 
molecular  weight  only,  there  is  distinguishable  the  further  case  of 
genetic  polymsrism.  There  is,  namely,  a  pretty  large  number  of  organic 
bodies,  which  under  certain  circumstcuices  are  transformed  directly 
into  polymeric  compounds  of  similiar  chemical  properties,  in  which 
several  simOar  molecules  have  united  to  a  single  new  one.  Fre- 
quently this  latter  can  be  reconverted  into  the  less  complex  original 
molecules  by  very  simple  means — for  instance,  by  action  of  a  high 
temperature. 

Aldehyde^  a  liquid  boiling  at  21^,  and  which  is  miscible  with 
water  in  every  proportion,  by  contact  with  acids  is  converted  into 
paraldehyde^  boiling  at  124° — and  scarcely  soluble  in  water;  this  latter, 
on  superheating  its  vapour,  is  reconverted  into  aldehyde. 

46.  Metamerism. — In  many  cases  of  equal  molecular  weight  and 
equal  percentage  composition,  the  respective  compounds  are  decom- 
posed into  several  organic  bodies  by  reagents  that  are  incapable  of 
breaking  the  connection  between  the  carbon  atoms  in  the  nuclei. 
Such  compounds,  therefore,  contain  several  carbon  nuclei  united  to  one 
another  by  atoms  of  polyvalent  elements,  such  as  oxygen,  sulphur, 
nitrogen,  kc.     In  these  cases  the  bodies  are  said  to  be  metamsric, 

l^ere  are,  e.g.;  three  compounds  of  the  molectdar  formula  G^fi%i 

d2 
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which  yield,  on  treatment  with  caustic  potash,  salts  of  organic  acids, 
propionic  acid,  methylic  acetate,  and  ethylic  formate.  The  reactions 
are  expressed  by  the  following  equations  : 


Propionic  add. 

Methylic 
acetate. 

C3H6O2 

Ethylic 
foniiate. 


KOH      = 


KOH      = 


KOH      = 


CsHjKO, 

+ 

HOH 

fjumc  propionate 

• 

G2H3IVO2 

+ 

CH3.OH 

Pota&sic 

MethyUc 

acetate. 

alcohol. 

CHKO2 

+ 

C2H5.OH 

Potassic 

Ethylic 

formate. 

alcohol. 

giving  for  the  three  metameric  bodies  the  formulie — 

Propionic  acid  .         H.O.C3H5O 

Methylic  acetate        .         CH3.O.C2H3O 
Ethylic  formate         .         C2H5.O.CHO 

The  following  organic  bases  are  also  metameric  : — 


<C4H9 
H 
H 

Batvlamine. 


C2H, 

H 

Diethyl- 
amine. 


/O2H, 

^CHa 

Ethyldime- 
thylaraine. 


CH3 

H 

Propylmethyl- 
amine. 

46.  Structural  Isomerism, — When  the  difference  between  several 
organic  bodies  of  the  same  molecular  formula  is  not  due  to  meta- 
merism, they  are  isomers  in  the  strict  sense  of  the  word,  true  isomers 
or  structured  isomers.  The  organic  radicals  contained  in  them  are  of 
the  same  weight ;  the  carbon  nuclei  contain  the  same  number  of  atoms  ; 
the  difference  in  properties  is  caused  by  difference  of  position  of 
points  of  attachment  of  other  atoms  to  the  nucleus  (§  39),  or  the 
difference  of  structure  in  nuclei  of  like  number  of  carbon  atoms. 

As  an  instance  of  isomerism  of  the  first  kind — place  isomerism — 
there  may  be  mentioned,  in  addition  to  those  given  in  §  39 — 

CH3  CH2— OH 


CH— OH      and  CH2 

CO  CO 

\  \ 

OH  OH 

Fermentation  lactic  add.  Ethylene  lactic  acid. 

Of  the  many  instances  of  isomerism  of  the  second  kind  due  to  the 

method  of  mutual  union  of   the  carbon  atoms,  nucleus  isomerisnif 
there  may  be  mentioned — 


CH, 


CH4  CHi 


CH 


2 


and 


Yb 


CH. 


CHj 

\ 
OH 


H 


CHa 

\ 

OH 
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When  in  truly  isomeric  bodies  the  carbon  is  united  to  atoms  of  one 
monad  element  only,  the  isomerism  must  be  due  to  nucleus  isomerism. 
From  the  position  isomeric  bodies 


CH, 


A 


CH, 


H, 


CHa 

\ 

CI 


and 


CH.C1 

I 
CH, 


there  results,  on  rqilaoement  of  the  chlorine  by  hydrogen,  identically 
the  same  hydrocarbon : 


CH, 


CH, 


CH, 


CH.H 


CH2 

\ 
H 


CH, 


and  on  complete  removal  of  all  hydrogen  atoms  from  the  position 
isomers 


^( 


CI 


X)l 


and 


CI 
C^Cl 

^Cl 


by  chlorine  there  results  the  same  chloride  of  carbon  : 

As  our  knowledge  of  the  inner  constitution  of  organic  bodies  is  still 
in  a  great  many  cases  very  imperfect,  and  frequently  entirely  wanting, 
it  results  that  for  numerous  undoubted  cases  of  structural  isomerism 
we  are  unable  to  settle  to  which  kind  it  is  due. 

47.  Physical  Isomerism, — In  a  very  few  cases  organic  compounds 
of  the  same  molecular  formulae,  and  possessing  the  same  chemical 
properties,  and  in  which  any  difference  in  structure  is  not  only  non- 
recognisable  but  highly  improbable,  exhibit  differences  in  certain  of 
their  physical  properties,  more  especially  in  their  behaviour  with 
polarised  light.     Such  bodies  are  termed  physical  isomers. 

One  of  the  most  striking  instances  of  this  kind  of  isomerism  is 
given  by  ethylidene  lactic  acid : 
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.OH 

I 

CO.OH 

which,  prepared  from  the  juice  of  flesh,  rotates  the  plane  of  polari- 
sation of  a  beam  of  polarised  light,  whilst  that  modification  of  the 
acid  obtained  by  the  fermentation  of  sugar  is  without  any  action  on 
polarised  light. 

Very  probably  the  reason  of  the  difference  between  bodies  only 
physically  isomeric  lies  in  an  easily  imaginable  difference  in  the 
arrangement  in  space  of  atoms  which  are  still  united  chemically  in 
exactly  the  same  way  (geometric  isomerism). 

Homology  and  Homologous  Series. 

48.  In  oppasition  to  the  remarkable  differences  between  organic 
bodies  of  like  molecular  formulae,  is  the  fact  that  bodies  of  different 
molecular  composition  frequently  exhibit  great  similarity  in  all  their 
chemical  and  physical  properties. 

The  compounds  in  which  these  analogies  are  most  marked  are  those 
whose  formulae  differ  by  CH2,  or  a  whole  multiple  thereof,  nCHg, 
and  whose  molecular  weights  differ  therefore  by  ^^  1^^  I*  is  of 
course  obvious,  from  what  has  been  said  before,  that  a  difference  in 
composition  of  CH2  does  not  make  similar  pix)perties  a  necessary 
consequence;  this  only  occurs  when  the  respective  substances  agree 
with  one  another  in  their  chemical  constitution,  their  structm-e,  and 
all  essential  points.  This  analogy  of  structure  is  especially  shown  in 
the  fact  that  like  reagents  produce  like  changes,  and  further  that  the 
resulting  products  of  such  changes  agree  in  properties,  but  differ  in 
composition  by  CH2.  Such  bodies  are  termed  homologoita  compounds. 
They  form  members  of  a  natural  family  of  bodies  which  can  be 
arranged  according  to  their  increasing  contents  of  carbon.  The  simi- 
larity of  physical  properties  between  the  members  of  a  homologous 
series  is  greater  the  nearer  they  stand  to  one  another  on  such  a  list — 
that  is,  t^e  less  they  differ  in  chemical  composition. 

Such  a  homologous  series  is  formed,  for  example,  by 

Methylic  alcohol  .  .  .  CH4O 

Ethylic        „  .  .  .  CjHfiO 

Propylic       „  .  .  .  CsHgO 

Butylic        „  .  .  C4H,oO 


Cetylic      alcohol    .         .         .         C|6H340 


Mellissylic  alcohol   .  .         OsoHgoO 
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The  members  of  this  homologous  series  are  all  acted  on  in 
like  manner  by  hydrochloric  acid,  yielding 

OH3CI 

C2H5CI 

C3H7CI 

C4H9CI  &c. 

All  members  of  a  homologous  series  can  be  expressed  by  a  single 
general  formula — that  for  the  above  alcohols,  e.g.,  is  OjJl2n+2^f  or 

As  the  products  of  the  same  reaction  also  form  a  homologous 
seriesy  the  reaction  may  be  represented  by  a  general  equation.  The 
conversion  of  the  alcohols  into  the  corresponding  series  of  chlorides 
18  given  by  the  single  general  equation : 

C,H2„+i.OH+HCl=C,H2n+i01-hH20. 

49.  The  homology  of  organic  bodies  may  be  more  or  less  complete ; 
tt  is  the  more  complete  the  larger  the  number  of  homologous  pro- 
ducts that  can  be  obtained  from  them,  and  the  more  energetic  the 
reactions  producing  such  products.     For  example,  methylic  alcohol, 

CH3 

CH,  I 

I    ,  is  as  completely  homologous  as  possible  to  ethylic  alcohol,  CHj, 
OH  / 

OH 
cxr  CH3.OH2.OH.  Of  the  two  propylic  alcohols,  on  the  other  hand,  one 
18  so  in  less  degree  than  the  other ;  but  both  are  acted  upon  in  the 
above-mentioned  way  by  the  halogen  acids  : 

CH3.OH  +  HCl  =  CH3CI  +  OHj 
CH3.CH2.OH  +  HCl  =  CH3.CH2.CI  +  OH2. 

1.  CH3.CH2.CH2.OH  +  HCl  ^  CH3.CH2.CH2.CI  +  OHj. 

2.  CH3.CH(OH).CH3  +  HCl  =  CH3.CHCI.CH3  +  OHj. 

Towards  oxygen,  however,. their  behaviour  is  essentially  different. 
By  the  action  of  one  atom  of  oxygen  they  all  yield  oxides  of  the 
general  formula  CnH2nO ;  but  that  from  the  first  propylic  alcohol 
only  is  really  homologous  to  those  from  both  the  lower  homologues  : 

CH3.OH  +  0  =  CHa.O  +  OH2 
CH3.CH2.OH  +  O  =  CH3.CHO  +  OHa 
CH3.CHa.CH2.OH  +  O  =  CH3.CH2.CHO  +  OHa, 

as  these  are  all  converted  into  homologous  organic  adds  according  to 
the  general  equation  : 

CnHanO  +  0  =  CnHan+,O.OH. 

The  oxidation  product  from  the  second  propylic  alcohol,  CH3.CO.CH3, 
tiiough  containing  CHa  more  than  CH3.CHO,  still  cannot  unite 
simply  with  more  oxygen,  but  on  further  oxidation  takes  up  several 
oxygen  atoms,  with  breaking  up  of  the  carbon  nucleus. 
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Physical  Pbopertibs  of  Obgaxic  Bodies. 

Molecular  and  Atomic  Volume, 

50.  The  denidties  of  organic  bodies  are  the  relative  weights  of 
equal  volumes,  at  equal  temperatures,  expressed  in  abstract  numbers ; 
their  speci6c  gravities  the  weight  of  the  volume  unit  of  a  cubic 
centimetre  in  grams.  If  the  gram  molecular  weight  of  a  body  be 
divided  by  the  specific  gravity  at  a  given  temperature,  the  specific 
volume  for  that  temperature — La  the  volume  in  cubic  centimHres 
of  the  molecular  weight  expressed  in  grams — is  obtained.  If  the 
specific  volumes  be  divested  of  their  oomarete  significance,  and  conceived 
as  abstract  numbers  only,  they  then  form  the  relative  molecular 
volumes.  For  example,  the  specific  gravity  at  if  of  acetic  acid  is 
1*075,  its  molecular  weight  =  60.  Sixty  grains  of  acetic  acid  at  that 
temperature  would  therefore  occupy  a  volume  of  55'8  cc;  this,  then,  is 
its  specific  volume.  The  specific  volume  of  ethylic  alcohol  at  0°  is 
similarly  obtained  as  57*05.  Therefore  the  true  molecules  of  acetic 
acid  and  of  ethylic  alcohol  occupy  at  0°  spaces  which  are  in  the  ratio 
of  55*8  :  57*1,  these  numbers  forming  the  relative  molecular  volumes 
of  the  bodies. 

51.  Gases  and  vapoiu*s  in  the  gaseous  state  contain,  under  like 
conditions  of  temperature  and  pressure,  the  same  number  of  molecules 
in  the  same  volume.  Their  specific  and  molecular  volumes  are,  under 
the  above  conditions,  equal  to  one  another,  whilst  the  specific  gravities 
are  directly  as  the  molecular  weights. 

52.  As  fluids  and  solids  do  not  expand  equally  for  equal  incre- 
ments of  temperature,  they  are  not  under  like  conditions  of  heat  at 
equal  temperatures;  their  specific  and  molecular  volumas  at  like 
temperatures  show  no  simple  relation  to  one  another.  The  molecular 
volumes  of  liquids  near  their  boiling  points,  and  of  solids  at  their 
fusing  points,  show  relations  reducible  to  laws.  These  have  been 
studied  with  more  exactness  in  the  case  of  liquids.  If  the  molecular 
volumes  of  homologous  compounds  at  their  respective  boiling  points 
be  compared  with  one  another,  there  is  found  a  difierence  proportional 
to  that  in  the  molecular  weights,  the  molecular  volume  altering  by 
about  22  for  each  alteration  of  the  composition  by  OH3  : 

Molecular      Difference. 
Volume. 

41-5}  22 

63*5)  22 

85-5  J  .^ 

107-5}  22 

In  bodies  which  contain  an  equal  number  of  atoms  of  oxygen,  but 
differ  in  their  composition  by  (  — C  +  Hj)^  the  molecular  volumes 
are  eqnal  : 

Difference.  Molecular  Volume. 

Benzoic  aldehyde  .         CyHgO  1      ^    a.  tt  118-5  (179°  C.) 

Valeral  C;,H,oO  /  "^^  **"  ^^  118*8  (101°  C.) 


Molecular 

Weight. 

Formic    add    . 

kjW^J^ 

46 

Acetic        „ 

C2H4O2 

60 

Propionic  „ 

.     CaHfiOj 

74 

Butyric      „ 

.       C4Hg02 

88 
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The  increBae  in  the  molecular  volume  by  the  addition  of  two  hydrogen 
atoms  is  therefore  as  great  as  the  diminution  produced  by  the  removal 
of  one  carbon  atom,  or  the  change  in  molecular  volume  by  an  atom  of 
carbon  is  twice  as  great  as  that  produced  by  an  atom  of  hydrogen. 
As  the  group  CH2  in  homologous  compounds  alters  the  molecular 
volume  by  22,  the  C  and  Hg  must  have  equal  parts  thereof — i.e.  the 
alteration  caused  by  a  carbon  atom  =11,  by  each  hydrogen  atom 
^1/3  =  5*5.  These  alteration  values  of  the  single  elementary  atoms 
are  termed  their  atomic  volttmes. 

Atomic  volume  0  =  11. 
Atomic  volume  H  =    5*5. 

The  atomic  volumes  of  other  elements  can  be  calculated  in  a  similar 
manner. 

An  alcohol  on  conversion  into  an  add  loses  two  hydrogen  atoms, 
which  are  replaced  by  one  oxygen  atom,  united  by  both  its  bonds  to 
the  same  carbon  atom.  The  alteration  produced  in  molecular  volume 
is  very  small,  the  mean  result  being  +  1  *2 ;  e.g. 

CH9  Specific  Volume.    Difierence. 

62-5  (78^  C.) 


Ethylie  alcohol 

CH, 

\ 
OH 

CH3 

Acetic  add 

0—0 

\ 
OH 

\      1-2 

I 


63-7  (118°  C); 


This  gives  as  the  molecular  volume  mv'  of  a  compound  resulting 
from  the  replacement  of  2H  by  0,  from  the  change  of  the  ingredients, 
=  11^-11  +  12-2. 

The  atomic  volume,  therefore,  of  oxygen  when  united  to  carbon  by 
both  its  bonds  =  12-2. 

The  molecular  volume  is  not  altered  to  the  same  amount  by  an 
oxygen  atom,  which  is  united  by  one  of  its  bonds  only  to  a  carbon 
atom.  From  a  variety  of  determinations  the  atomic  volume  of 
oxypen,  when  united  in  this  way,  is  found  to  be  about  6*4. 

By  analogous  methods  the  following  atomic  volumes  have  been 
ascertained  : — 

Sulphur  united  by  two  bonds  to  a  carbon  atom         =28*6 

„  „  one  bond  „  =  22*6 

Chlorine  „  „              „  „  =  228 

Bromine  „  „              „  „  =  27*8 

Iodine  „  „              „  „  =  37  5 

Nitrogen  „  „             „  „  =    23 

„  „  three  bonds  „  =  28*0 

From  these  numbers  the  molecular  volume  of  any  organic  compound 
can  be  calculated  if  the  method  of  union  of  any  oxygen,  sulphur,  or 
nitrogen  atoms  be  known  ;  e.g. 
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Molecular  Yoliime. 


Calculated.    Found. 

C  H 

I*    '    =  5  X  11  +  10  X  5-5  +  12-2  +  6-4  =    1286     1302 
CO 

\ 

OH 

Valeric  add. 

CH, 

CO.       =3x11+6x5-5  +  12-2  =      782      77-6 


k 


Acetone. 


A. 


=  4  X  11  +  10  X  5-5  +  6-4  =    105-4     105-6 


k 


Ethylic  ether. 

These  results  can  also  be  applied  in  determining  the  method  of 
imion  of  the  oxygen,  sulphur,  and  nitrogen  atoms  in  organic  com- 
pounds. 

If  in  the  case  of  aldehyde,  C2H4O,  for  instance,  it  were  necessary 
to  ascertain  whether  the  formula  should  be  written  C3H3.OH   or 

CH3 

,  the  first  would  give  as  the  molecular  volume 

1=0 

\ 
H 

2. 11 +  4.5-5 +  6-4=50-4, 

whilst  the  second  would  give 

2.11  +  4.5-5  +  12-2  =  56-2. 

Prom  the  specific  gravity  of  the  body  near  its  boiling  point  (2P  C.) 
the  molecular  volume  is  found  to  be  56*45,  showing  the  second  for- 
mula to  be  correct. 

It  must  be  remarked,  however,  that  the  numbers  calculated  in 
the  above  way  in  many  cases  do  not  agree  in  a  satisfactory  manner 
with  the  molecular  volumes  derived  from  the  found  specific  gravity. 
The  values  of  the  atomic  volumes  are  still  in  part  encumbered  with 
considerable  errors,  and  this  must  especially  be  the  case  with  the 
atomic  volume  of  carbon. 

Just  as  an  oxygen  atom  has  a  different  atomic  volume,  when 
united  by  both  bonds  to  the  same  atom,  to  that  which  it  has  when 
united  by  one  bond  only,  so  carbon  may  have  difierent  values  accord- 
ing to  whether  it  is  united  to  another  carbon  atom  by  one,  two,  or 
three  bonds. 

C  C  C 


i      n      i 
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The  results  of  which  the  above  is  a  smninary  were  obtained  at  a  time 
when  the  idea  of  a  difference  of  the  method  of  tmion  of  O,  B,  and  N 
had  already  been  partly  evolvedy  but  before  any  idea  had  been  formed 
of  the  method  of  union  of  the  carbon  atoms.  It  is  scarcely  to  be 
doubted  that  although  a  number  of  important  points  have  been 
determined,  still  a  repetition  of  the  investigations,  based  on  more 
complete  recent  theoretical  views,  would  lead  to  very  important 
modiBcations  in  our  notions  of  atomic  volumes. 

The  investigations  of  the  molecular  volume  of  solid  organic  bodies 
at  analogous  temperatures  are  not  yet  sufficiently  complete  to  enable 
any  laws  to  be  deduced  fix>m  them. 

MeUing  Points  and  Boiling  Points  of  Organic  Bodies. 

53.  As  melting  and  boiling  points  are  amongst  the  characteristic 
properties  of  chemical  bodies,  ^ey  must  be  affected  by  the  nature, 
number,  and  method  of  union  of  the  elementary  atoms  forming  the 
molecule.  In  what  way  these  factors  react  upon  the  temperatures 
of  fusion  and  ebullition  is,  however,  not  yet  known,  so  that  it  is 
not  possible  to  predict  d  priori  these  temperatures.  Comparative  in- 
vestigations have,  however,  at  least  shown  a  few  general  laws,  of 
which  the  following  are  the  most  important : — 

54.  MeUing  Point, — In  homologous  series  the  melting  point  fre- 
quently— but  by  no  means  invariably — increases  with  the  molecular 
weight  of  the  compound,  without,  however,  these  changes  showing  any 
complete  parallelism  with  one  another  ;  e.g. 


Series  CnH^ + ,0.                               Series  Ci 

iHjttOj. 

Melting  Point. 

Caprylic  acid 

CgHifiOa 

16°-17° 

Capric       „ 

^loll-20^2 

30° 

Tianric       „ 

^12^2402 

43-6° 

Myristic   „ 

C14H28O2 

53-8° 

CetylicalcoholC,eH340  50°  Palmitic   „ 

C  16^32^2 

62-0° 

Stearic      „ 

^isHaeO-j 

69-2° 

Arachidic,, 

^20^40^ 

75° 

Ceiylic  alcohol  CayHsgO  78°  Cerotic      „ 

^27^S4^2 

79° 

Myricylic  „       CaoHgaO  83^Mellissic    „ 

^30^50^2 

88° 

In  many  cases  the  group  CH3  exerts  an  influence  in  raising  the 
melting  point  even  where  the  CH3  is  united  to  the  carbon  nucleus 
by  means  of  other  elements,  showing  itself  in  opposition  to  the  rule 
before  mentioned  of  increase  of  molecular  weight  raising  the  melting 
point: 

CO— O— CH3 
Methylic  oxalate         |  m.p.  51° 

CO— O— CH3 


CO— O— C2H5 
Ethylic  oxalate  I 

(1)0— O— CoH 


liquid. 


2^5 


Similarly  this  influence  is  also  perceived  when  the  number  of 
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GH}  groups  in  direct  union  to  the  carbon  nucleus  is  increased  ;  for 
instance: 

H 

00    formic  add,     m.p.  0^ 

I 
OH 

CH, 

CO    acetic  acid,     m.p.  +  17° 

\ 
OH 

C2H5 

i      propionic  acid,  liquid  below  C.  0° 
O 

I 
OH 

or  still  more  strikingly  by  increase  of  methyl  groups  in  certain  cases 
of  isomerism. 

CH3 
CH, 


CH2         propyl  carbinol,  liquid. 
CHj 


OH 
CH3 


CHa 

I  otbyl-mothyl  carbinol,  liquid. 

CH.CH3 


OH 
CH3  CHj  CH3 

\    / 

\  /  trimethyl  carbinol,  m.p.  25°. 

C— OH 

On  the  other  hand — 

CH3  CH3  C2H5 

C— O— H     is  liquid. 

Similarly — 

CH3 

A  liquid. 

6^6 
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CH,  CH, 

V 

O0H4        parazylene,  m.p.  15^ 

\/  para-methjl-ethyl  benzene,  liquid. 

CeH4 

Tlie  melting  point  is  inflaenoed  also  by  isomerism,  due  to  the  position 
of  certain  elements  or  groups  on  the  nucleus,  shown  amongst  other 
by 

H  H  H  H 

\         /  \         / 

c=c  c=c 

/    \  /    \ 

H — C  C — CH3         H— — C  C^— CH3 

C— C  C— c 

/    \  /    \ 

H  OH  OH  H 

Ortho-cresol,  liquid.  Meta>cresol,  liquid. 


H           H 

\-^ 

/  \ 

HO-C           C— CH, 

v/ 

/  >, 

Pan-creaol,  m.p.  86°. 

Quite  analogously — 

H 

H 

H 

H 

v/ 

vy 

h/ 

C— CH,          H- 

-/ 

C    CH 

V/     ' 

\  / 

c— c 

/ 

CH, 

dn. 

H 

Ortho-zylene,  liqaid.                    Meta-zyh 

sne,  liquid. 

U           H 

^cV 

CH,    C           C— CH, 

v/ 

/  \ 

ParA-xylene,  m.p.  1 

IS". 
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66.  Boiling  Points. — Id  homologous  series  the  boiling  points  of 
the  individual  members  mostly  increase  with  the  molecular  weights, 
and  in  cases  of  complete  homology  (§  49)  very  nearly  proportionally 
to  this  increase  in  the  molecular  weight. 

Difference. 


Garbinol  .     .     . 

Methyl  carbinol 

Ethyl  carbinol  . 

a  Propyl  carbinol 

a  Butyl  carbinol  . 

a  Amyl  carbinol  . 


Mol.  Wt. 

cnfi 

CaHcO 
CaHgO 
C4H10O 

CeHuO 


Boiling  Point. 

78-5°^ 

97-5*» 

117° 

137° 

157°' 


Formic  acid      ....  CH2O2 

Acetic  acid C2H4O2 

Propionic  acid ....  C3H6O2 
Normal  buytric  acid      .  C4H8O2 
valeric  acid  .     .  C5H10O2 
capric  acid   .     .  CeHi202 
ojnanthylic  acid  C7H14O2 


99° 
119° 
141° 
162° 
184° 
205° 
224° 


Mol.  Wl 
22 

22 
22 
22 

22 

22 

22 
22 
22 
22 

22 


Boiling  Point 

18-5° 

19° 

19-5° 

20° 

20° 

20° 

22° 
21° 
22° 
21° 

19° 


The  view  formerly  held  that  the  alteration  of  the  molecular  weight 
was  completely  proportional  to  that  of  the  boiling  point  has  not  been 
corroborated  by  sufficient  proof. 

66.  Of  all  the  derivatives  of  a  carbon  nucleus  the  hydrogen  com- 
pounds boil  at  the  lowest  temperature,  the  hydrogen  atoms  appearing 
to  have  a  direct  influence  in  lowering  the  boiling  point ;  for  it  has  been 
observed  that  in  compounds  of  similar  constitution  in  every  respect 
but  that  one  contains  less  hydragen  than  the  other,  the  one  richest 
in  hydrogen  boils  at  the  lowest  temperature. 


CH3  CH3 

\/ 
CH 


CfiHi, 


i 


H 


isopentane.    Boils  at  30^ 


2 


CH 


a 


CeHi, 


CH3  CH3 

\/ 

CH 


i 


H 


CH. 


isoamyleno.    Boils  at  35* 


^8^10 


CgH. 

CH2 

CH, 


ethyl  benzene.    Boils  at  134' 
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! 

CaHg  CH  Styrolene.     Boils  at  146^ 


CH, 
C4H8O,  I  Butyric  acid.      BoHs  at  162* 

CHo 


CO.OH 
CH3 


CH 
C^HsO,  II  Crotonic  add.     Boils  at  180^-182* 

CH 


CO.OH 
CO.O.C2H5 


k 


C,H,404  I  Ethylic  saocinate.     Boils  at  217' 

CH, 

I 
CO.O.CjHs 

CO.O.CjHj 

CaHi20,  CH  Ethylic  famarate.     Boils  at  218' 

II 
CH 


CO.O. 


C2H5  &c. 

57.  Isomerism,  due  to  the  structure  of  bodies,  exerts  a  very  remark- 
able influence  on  the  boiling  point.  It  appears  in  cases  of  nucleas 
isomerism  that  the  boiling  point  of  the  derivatiye  of  the  normal 
carbon  chains  is  always  the  highest,  and  that,  in  the  fatty  group  of 
bodies,  it  sinks  with  the  number  of  side  chains,  so  that  increase  in  the 
number  of  CH3  groups  exerts  here  exactly  the  opposite  influence  to 
that  which  it  has  on  the  melting  point ;  for  instance : 

CH, 


CH, 


C4H10      (  I  Butane.     Boils  at  +  3' 

CH, 


CH, 
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C4H 


10 


C5H1. 


/ 


CH3  CH, 

\/ 
CH 

I 
CH, 

CH3 

I 
CHa 

I 
CH, 

I 
CH, 


Isobutane.     Boils  at  below  0° 


Pentane.    Boils  at  39' 


CH, 


CH3  CH3 

^H, 

ilsopentane.     Boils  at  30^ 
] 


JH, 


CH 


3 


CH,  CH. 

Y 

V  CH,  CH, 
CH. 


Tetnt-methyl  methane.  Boils  at  +  9*5' 


CH, 


C,H,oO   ( 


CHj 
CH,. 


Propyl  carbinol.     Boils  at  116^-117' 


OH 


v 

/ 


CH, 

CH.CH,  Isopropyl  carbinol.  BoUsat  106*^-107^ 

CH0.OH 


■2 
CH 


CfiHioO,  ( 


H, 


Ho    Valeric  acid.     Boils  at  184'' 


CO. 


OH 


^5H^10^2 


\ 
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CH3  GH3 

CHj         Isovaleric  acid.     Boils  at  175° 

I 
CO.OH 

CH3  CH3  CH3 

N/ 

.c 

I  Trimethyl  acetic  acid.    Boils  at  16  T 

CO.OH 
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If,  in  a  liydrogenised  organic  body,  hydrogen  atoms  are  replaced 
by  otlier  elements,  or  by  compound  radicals,  the  boiling  point  is  raised. 
If  place  isomerism  can  occur,  the  position  of  the  substituted  hydrogen 
atom  will  have  a  specific  influence  on  the  amount  of  increase.  In  the 
first  substitution  derivatives  of  the  hydrocarbons,  CnH^n  +  s*  ^^^ 
example,  the  derivative  of  a  terminal  and  primarily  united  carbon 
atom  has  always  a  higher  boiling  point  than  that  of  an  intermediate 
secondarily  united  isomer  of  the  same  nucleus,  and  the  boiling  point 
of  the  place-isomeric  tertiary  products  is  still  lower  than  this  last. 


CH, 


CH 
C4H8I:      I     ^    boils  at  129° 
CHa 


CHjI 

Primary. 

CH3  CH, 

\/ 
CH      boils  at  120-5° 


CH,I 

Primary. 


CH,  CH, 

/ 
!H 


^ 


boils  at  130°-131° 


CftHjaO    CH, 


CHj.OH 

Primar}'. 


CH, 


CH 

I      boilsatll7°-118° 
CHI 


CH3 

Secondary. 

CH3  CH3 

\/ 

CI    boils  at  99° 


CH, 

Tertiary. 
CH3  CH3 

I     boilsatlOCMOS^ 
CH.OH 


CH3 

Secondary. 
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OH,  CH, 

C.OH 
I  boils  at  100° 

I 

Tertiary. 

In  place-isomeric,  pol^'subhtitution  derivatives,  tbe  dlMtanoe  of  tho 
places  exerts  an  essential  influence  ; 


CH3  CI 

C^Cl    boils  at  58°-59^  I     '     boils  at  85^ 


/H 


\ 

CI 

CH3  CH3 

C<S''     boils  at  113°-116°      CH.Br    boils  at  142** 

CH3  CHa.Br 

CHa.Br 

CHj         boilsat  160°-163'' 

I 
CHa.Br 

II  CH3  C^3  H 

N       /  \       / 

c=c  c=c 

/     \  /     N 

H.C  C.CH3  H.C  C.CH3 

Orthoxylol,  boiU  at  1W-H1°.  Mctaxylol,  boiU  at  137<». 

H  H 

C=C 
/      \ 

CH3.G  C.CH3 

\       / 

/  \ 

l*nraxylol,  boils  at  13G<'. 
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Refraction  of  Light, 

58.  The  quotient  of  the  sine  of  the  angle  of  incidence  (t)  of  a  beam 
of  light  of  known  wave-length  passing  from  air  into  another  trans- 
parent medium,  divided  by  the  sine  of  the  angle  of  refi'action  (r),  is 
the  refractive  index  (n)  of  this  latter  medium,  and  as  such  is  of 
constant  value  for  each  especial  medium  : 

sin  i 

-     -  =w 

sin  r 

n  —  1 
The  value  —  -—  ,  where  d  expresses  the  density  of  the  respective 

d 

medium,  is  termed  the  specific  refractive  power,  and  the  product  of 
the  latter  into  the  molecular  weight  p  of  the  medium  is  termed  the 
refrp>ction-equivalent  of  the  latter. 

SuiHciently  accurate  estimations  of  tliis  latter  amount  for  a  con- 
siderable number  of  pure  organic  compounds,  selected  however  nearly 
entirely  from  the  group  of  so-called  fatty  bodies,  have  shown  somo 
simple  Illations  of  it  to  the  proportional  composition,  of  which  the 
most  important  will  now  be  mentioned.  The  numerical  values  are 
for  the  line  ft  a  of  the  spectrum  from  a  Greissler's  hydrogen  tube. 

1 .  The  specific  rotary  powers  of  isomeric  bodies  are  nearly  equal 
to  one  another,  therefore  the  refi*action  equivalents  of  polymeric  bodies 
are  nearly  proportional  to  their  molecular  weights. 

Butyric  acid  0^1S.fi2y  ^  =  961,  n  =  1-3955,  ^-  =  -4116 

^  ^  P  =  36-62. 
d 

Acetic  aldehyde  Q^Jd,  d  =  781,  n  1-3298,  ^-^  -  =  -4222 

d 

?_7-J  p  _  18-58 
d 

but  those  of  metiimcric  and  isomeric  bodies  are,  on  the  contrary,  of 
nesirly  equal  amount ;  e.g. 

ButyUc  alcohol  C^Hcj.OH,  d  =  -8074,  n  =  1-394,  ^  T  ^  =  '4879 

'^~  ^  p  =  3611 
d 

Ethylic  ether  O2H5.O.C2H,,  d  =  -7166,  n  =  13511,  ^*-^  -  =  -49 

d 

^  "7  ^  P  =  36-26 
d 

These  simple  values,  however,  invariably  show  certain  deviations 
from  perfect  agreement,  mostly  too  great  to  be  explained  as  experi- 
mental oiTors.  It  therefore  api)ear8  that  the  method  of  union  of  the 
elements  in  the  com|)oimd,  or  chemical  structure,  has  a  measurable 
influence,  whose  nature  has  not  yet  been  determined.     The  nature 

e2 
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and  more  number  of  the  eleraentaiy  atoms  in  the  molecule  is  of  more 
importance. 

69.  By  companion  of  the  i-efraction  equivalents  of  homologous 
organic  com]>ounds,  it  api)ear8  that  they  increase  by  a  nearly  equal 
amount  for  each  addition  of  CHj  to  the  molecule ;  e.g. 

,  n-l         w-l         DiflFcr- 

"  w  — r-  — r~  ^       «,«*»« 

fi  fi  ence. 


C2H4O.2  acetic  acid 
C3H(,02  propionic  acid 
C4Hg02  butyric  acid 
C5H,q02  valeric  acid 
C5H12O2  caproic  acid 


1*0514       1-3699       -3519       2M1 

•9963       1-3846       -3860       28*57       ^^ 

I  7.55 

•9610       1-3955       -4116       3622 

I  7-83 
•9313       1-4022       -4319       44-05 

I  7-56 
.-9252       1-4116       -4449       51-61 ! 

C7HHO2  cenanthylic  acid       -9175       14192       -4569       5940^      '^ 

60.  By  comparison  of  the  refraction  equivalents  of  bodies,  which, 
whilst  still  having  a  similar  molecular  composition,  diffei^d  only 
by  having  a  different  contents  of  the  atoms  of  a  single  element, 
the  proportion  which  the  single  elementary  atoms  have  in  that  value 
has  been  appi-oximately  settled.  For  example,  bodias  containing  the 
same  number  of  oxygen  and  hydrogen  atoms,  but  differing  from  each 
other  by  n  carbon  atoms,  give  a  mean  difference  of  5  n,  so  that 

the  refraction  equivalent  of        .     0  =  5 

that  of H  =  l-3 

and  that  of       ....     0  =  300 

Fi-om  these  values  the  refi-action  equivalents  of  organic  bodies  can 
be  calculated  appix)ximately;  e.g. 

Valeric  acid  C5  =  5  .  5  =25 
Hio  =  10.1-3  =  13 
O2    =    2.3     =    6 

Totiil  44 
Found  44-05 
or 

Propylic  carbinol  C4     =4.5     =  20 

H,o  =  10.1-3=13 
O      =       .3    =    3 

Calculated  36 
Found  3611 

As  ali'eady  mentioned,  these  laws  at  present  have  only  beon 
proved  for  Inxlies  of  genemliy  analogous  structure,  such  as  the  series 
of  fatty  acids  and  alcohols. 

Optical  Rotary  Power . 

6\%  Many  organic  compounds,  mostly  those  physiologically  resulting 
in  the  living  organism,  show  the  property,  when  in  a  liquid  condition 
(or  in  solution),  some  even  as  vapour,  of  rotating  the  plane  of  polari- 
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sation  of  a  beam  of  polarised  liglrt.  Such  bodies  are  termed  optically 
active. 

At  constant  temperature  the  degree  of  rotation  of  the  polarised 
beam  depends  on  the  length  of  the  layer  of  the  active  medium  through 
which  the  ray  has  to  pass  (and  on  the  amount  of  active  substance  if 
in  solution).  K  the  length  of  the  layer  be  kept  constant,  and  if  no 
chemical  change  ensues  on  dilution,  the  amount  of  rotation  is  propor- 
tional to  the  concentration  of  the  solution. 

The  specific  rotation,  or  optical  rotary  jyjwer,  is  the  angle  (<») 
which  \a  given  by  passage  of  a  polaiised  ray  through  a  layer  one  deci- 
metre long  of  the  rotary  pol:«.rising  substance  (in  the  case  of  dissolved 
substances  containing  one  gram  of  active  substance  in  each  c.c.  of 
solution).  This  rotary  power  is  one  of  the  essentially  constant  pro- 
perties of  the  respective  organic  substances. 

The  optical  activity  appears  not  to  depend  on  the  chemical  structure, 
as  active  bodies  are  converted  into  inactive  isomeric  modifications 
without  change  of  structure  or  of  essential  chemical  j)ropprtie«.  Very 
frequently  this  change  ensues  on  more  warming.  The  reason  of  this 
difiei*ent  l)ehaviour  of  optically  isomeric  organic  bodies  of  similar 
structure  is  still  unexplained,  but  may  be  due  to  a  diffei'ent  arrange- 
ment of  the  atoms  in  space,  the  actual  connection  between  the  atoms 
still  being  the  same. 

Action  of  Iligh  Temperature  on  Organic  Compounds, 

62.  All  carbon  compounds  suffer  chemical  change  when  heated  to 
sufficiently  high  temperature.  ThLs  latter  depends  on  the  number, 
nature,  and  grouping  of  the  elementary  atoms  in  the  molecule,  and 
differs  greatly  with  different  bodies.  Solid  or  liquid  bodies  which 
cannot  be  distilled  unchanged,  only  require  to  be  heated  in  distillation 
vessels,  which  prevent  the  access  of  oxygen ;  lx)dies  which  volatilise 
unchanged,  i^uiro  to  l)e  heated  to  temperaturas  above  their  boiling 
points.  This  is  best  efffxited  by  passing  their  vapoui's  through  glow- 
ing tubes,  the  greatest  possible  contact  between  the  walls  of  the 
tube  and  the  vapour  being  obtained.  The  process  of  chemical  change 
effected  by  stix)ng  heating,  the  dissociation  of  organic  bodies,  is  termed 
<lri/  distiUation.  It  depends  on  the  geneml  action  of  high  temperatures 
in  weakening  or  destroying  the  chemical  affinities  which  have  held  the 
atoms  together,  so  that  decompositions  ensue,  accompanied  by  the 
formation  of  new  bodies,  more  stable  at  high  temperatures. 

In  many  cases  the  decomposition  is  of  very  simple  nature,  and,  as 
a  rule,  then  occui*s  with  elimination  of  water,  or  carbonic  anhydride, 
or  both  ;  e.g. 

Malic  acid  at  200S  C4H6O.3  =  HjO  -♦-  C4H4O4 

(Mnleic  and  fumaric  acids.) 

Citric  acid  at  175^  CcHgOy  =  HjO  f  CeHgOe 

(  A  con  i  tic  acid.) 

At  higher  temperatures  aconitic  acid  CeHeOg  •=  CO2  +  C5H6O4 

(Itaconic  nnd  citraconic  acid.i.) 

tartaric  acid  C4He06  =  COj  -h  H^O  4-  C3H4O, 

(Pyrotartaric  add.) 
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Products  of  simpler  composition  are  not  invarijibly  formed.  Fre- 
quently at  the  moment  of  decomposition  several  nuclei  unite  together 
to  form  more  complex  products,  as,  for  instance,  in  the  dry  distillation 
of  salts  of  organic  acids,  where,  es])ecially  in  the  case  of  alkaline  and 
alkaline  earthy  stilts,  a  cai'bonatc  is  left,  whilst  the  remaining  nuclei 
of  two  oidginal  molecules  unite  to  form  a  new  compound,  e.g.  sodic 
acetate : 

CH3  CH3  O  OH3 

I     '  I  /  I  . 

CO         +  CO         =       C— ONa    +        CO     (acetone) 

I  \  \  I 

ONa  ONa  ONa  CH, 


2C0  =  Na2(X)3  +         00 

ONa  CfiH, 

(Sodic  benzoate.)  (Benzophenone.) 

63.  Not  seldom  these  processas  occur  without  formation  of  eeesential 
quantities  of  bye-pi*o:lucts,  but  mostly,  esi)ecially  in  the  dry  distillation 
of  complex  bodies,  the  number  of  products  is  very  large,  and  includes 
bodies  of  both  greater  and  lass  complexity.  The  distillation  products 
of  the  same  body  differ  essentially  in  nature,  cpLontity,  and  state  of 
aggregation  according  to  the  temperature  at  which  decomposition  is 
effected. 

In  the  dry  distillation  of  wood,  which  has  the  formula  C6Br|Q05,or 
more  probaWy  some  multiple,  theie  are  first  given  off  gases  and  an 
aqueous  liquid.  The  first  contains  much  CO2,  later  fellow  carbon 
monoxide,  then  gaseous  hydrocarbons,  such  as  CH4,  O2H4,  OaH2,  &c., 
and  on  very  strongly  heating,  hydrogen  also.  Water  at  first  passes 
over  in  largest  quantity,  but  is  soon  followed  by  acetic  acid,  C2H4O2, 
wood  spirit,  CH4O,  acetone,  CjHgO,  &c.,  which  remain  dissolved  in  the 
former.  When  the  oxygen  of  the  wood  has  been  in  great  ])art  removed 
in  the  form  of  these  and  similar  highly  oxygenated  compounds,  there 
follow  (generally  at  the  same  time  as  the  gaseous  hydrocarbons)  more 
difficultly  vapourisable  compounds,  poorer  in  oxygen,  and  of  more  com- 
plex constitution,  such  as  phenol  CgHgO,  ciesol  CyHgO,  <fec.,  as  also 
hydrocarbons  of  higher  molecular  weight,  e.g.  benzol  Ce^c*  ii^ph- 
thalene  CioHg,  anthracene  0,4!!  10,  <fec.  These  all  condense  in  cooled 
receivers,  and  form  two  layers,  an  aqueous  and  an  oily.  The  latter 
is  nearly  invariably  of  a  dark  colour,  and  consists  of  solutions  of  solid 
bodies  in  oily  products,  and  often  mixed  with  bodies  still  solid.  This 
layer  is  termed  tar.  From  tar  the  various  constituents  which  lx)il 
at  different  tempei-atures  can  be  generally  separated  by  fractional  dis- 
tillation. As  a  rule,  those  bodies  which  are  liquid  at  ordinal  y  tem- 
pci-atures  distil  sooner  than  solids.  If  the  first  ai-e  distilled  off,  a 
brownish  black  resinous  mass,  termed  jnt^hy  is  left. 

In  the  original  distillation  vessel  a  residue  of  chaixx)al  is  left, 
still  containing  all  the  mineral  constituents  of  the  original  sub- 
stance,   which  are    left    as  ash    on  complete  combustion.      In   the 
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dry  distillation  of  nitrogenous  bodies,  much  ammonia  is  evolved,  and 
is  found  as  carbonate  in  the  aqueous  distillate,  whilst  the  tar  then 
invariably  contains  nitrogenous  liquid  bases,  such  as  aniline,  pyridine, 
4&C,  and  the  residual  charcoal  still  contains  some  nitrogen,  which 
cannot  be  sepai^ated  from  the  carbon  even  at  a  white  heat. 

Putrefaction,  Decay,  and  Ferrn€7itation  of  Organic  Bodies, 

64.  If  organic  bodies  are  left  in  a  damp  condition  at  ordinary 
temperatures,  many  of  them  suffer  apparently  completely  spontaneous 
changes,  whose  products  show  some  similarity  to  those  of  dry  decom- 
position. There  are  foi'med,  namely,  in  addition  to  gases  and  vol&tilo 
bodies,  frequently  of  impleasant  odour  (odour  of  putrefaction),  also 
aqueous  and  even  oily  products  and  tarlike  masses,  or  at  least  a  dark- 
coloured  residue,  rich  in  carbon  (humus).  In  general,  the  resem- 
blance of  these  products  to  those  of  dry  distillation,  ai-e  the  closer,  the 
more  completely  oxygen  has  been  excluded  during  theii*  formation. 

These  changes  are,  however,  in  all  probability  never  entirely  spon- 
taneous. To  their  initiation  an  exposure,  however  short,  to  air  is 
essential ;  they  are  prevented  by  high  or  very  low  temperatures,  by 
absence  of  water,  and  by  the  pi-eseuce  of  certain  poisonous  bodies — 
antiseptic  media.  Amongst  these  latter  ai*e  arsenious  acid,  mercury 
and  zinc  salts,  tannin,  creosote,  and  also  common  salt  in  concentrated 
solution. 

65.  During  the  exposure  of  putrescible  bodies  to  air,  they  come  in 
contact  with  the  germs  of  microscopic  organised  beings,  which  by 
their  evolution  and  multiplication  are  the  primary  cause  of  decom- 
position. As  their  vegetation  occurs  most  vigorously  at  temperatures 
of  20°-30**,  they  mogt  readily  cause  decomposition  at  these  tempe- 
ratures. Below  0®  these  beings  lose  the  power  of  growth  for  at  least 
the  time  of  duration  of  that  temperature.  At  tempemtures  near  the 
boiling  point  of  water  they  ai-e  killed  like  all  other  organisms,  as  abjo 
by  antiseptic  poisons. 

66.  Putrefaction  and  decay  cannot  be  shai-ply  separated  from  one 
another;  by  the  first  term  are  meant  those  decomposition  processes 
which  occur  under  the  aid  of  organisms,  and  without  action  of 
oxygen,  whilst  in  decay  intense  oxidising  action  occurs  at  the  expense 
of  the  atmospheiic  oxygen. 

To  putrescible  bodies  especially  Ijelong  the  nitrogenous  and  sul- 
phuretted constituents  of  animals  and  plants,  the  albuminoid  bodies 
or  proteid  substances :  e.g.  albumen,  casein,  the  substance  of  muscle 
and  membrane,  &c. 

67.  A  very  minute  amount  of  the  above-mentioned  putrefaction- 
excitants  can  cause  the  decomposition  of  very  considerable  quantities 
of  decomposable  bodies,  the  latter  probably  serving  as  tlie  nutritive 
material  for  many  quickly  following  geneititions  of  the  first.  Tlie  de- 
composition products  must  then  be  considered  as  the  excreta  of  these 
organisms.  Such  reactions  as  these  are  termed  fermentations,  and 
the  bodies  causing  the  change,  whilst  they  themselves  apparently  tiiko 
no  visible  part,  are  termed  ftrmeiits. 

68.  One  and  the  same  body  may  undergo  very  diffei-cnt  deoompo- 
Kitioiis,  according  to  the  nature  of  the  ferment  acting  on  it,  or  accordiug 
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to  tbe  variations  in  the  growth  of  the  ferment  prodoced  by  tempera- 
tnre,  amount  of  moi>iarey  Slc. 

Cane  sugar,  e.g.,  in  contact  with  manv  oqsanised  fermentfi,  u^  con- 
verted—with combination  of  the  elements  of  ^-ater — into  glucoee : 

C„H„0,,  +  H,0  =  2CeH,,0, ; 

(Cmnt  sugar.)  (Glaoc(<«.) 

whilst  the  solution  of  the  latter  is  converted  by  the  ferment  of  putrid 
firoteid  bodies  into  lactic  acid  : 

CeH,jO«  =  2C3HeO,  (lactic  acid), 

which  is  further  converted  into  butyric  add,  with  evolution  of  car- 
bonic anhydride  and  hydrogen : 

2C,HcO,  =  C\H,0,  +  2  CO,  +  2H,. 

(  Batyric  rnchL') 

If  any  unaltered  gliioose  be  present  during  this  latter  fermentation  it 
is  converted  into  mannite  : 

C^Hj^Oc  +  2H  =  CeHj^Og  (mannite). 

These  and  similar  femKsntations  occurring  without  direct  participa- 
tion of  atmospheric  oxygen,  may  lie  con^dered  as  putreCactive  pro- 
cesses, as  also  the  decomposition  of  giucose  into  carbonic  anhydride 
and  alcohol  under  the  influence  of  veast : 

C«H„Oe  =  2C0j  +  SCjH^O  (alcohol). 

In  other  fermentations  the  atmospheric  oxygen  is  actively  engaged, 
as  in  the  acetic  fermentation  of  alcohol : 

C,H,;0  +  O,  =  H,0  +  CjH^O,  (acetic  acid). 

These,  however,  more  closely  resemble  the  decay  processes  of  complex 
albuminoid  bodies. 

69.  As  already  mentioned,  the  ferments  are  frequently  organised, 
often  single  cells  of  plant-like  nature,  sometimes  also  having  the 
power  of  motion,  as  in  the  butyric  ferment.  There  are  also  some 
fi'rmeuts  which  are  not  organised,  such  as  synaptase  and  diastase ; 
these  are  Koluble  in  water,  and  under  favourable  circumstances  can 
cause  large  quantities  of  certain  other  compounds  to  suffer  specific 
chau;^e8. 

The  araygdalin  of  bitter  almonds  in  presence  of  water  is  deoom- 
pcjs»Ml,  by  the  S}'napta8e  contained  in  the  same  seeds,  into  bitter 
almond  oil,  glucose,  and  hydrocyanic  acid : 

CaoHayNO,,  -f  2Hj,0  =  CNH  \-  2GfiH,206  +  C^HgO. 

(Amy^daline.) 

No  other  feiment  is  capable  of  pi-oducing  this  decomposition. 

Not  seldom  inoi^ganic  compounds  can  act  on  organic  bodies  in  a 
ferment-like  manner,  especially  strong  acids  and  sometimes  strong 
liasic  hydraU'H. 

70.  By  processes  of  putrefaction,  decay,  and  fermentation,  animals 
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and  plants  gradually  vanish  after  death,  only  the  non- volatile  mineml 
oonstituents  remaining  behind.  By  long-continued  addition  of  oxy- 
gen they  are  converted  into  volatile  pix)ducts,  especially  into  carbonic 
anhydride,  water,  and  ammonia,  which  then  serve  anew  as  nourish- 
ment to  the  vegetable  world. 

It  is  often  of  great  economical  importance  to  preserve  unchanged 
the  very  putreacible  nitrogenous  foods.  This  may  be  effected  either 
by  placing  them  under  conditions  under  which  fermentation  is  im- 
possible, even  in  the  presence  of  ferments,  as,  for  instance,  by  fi-eezing, 
or  by  destroying  all  ferments  present. 

By  bringing  bodies  capable  of  putrefying  into  contact  with  salt, 
sugar,  alcohol,  or  similar  media,  the  water  necessai^y  for  fermentation 
is  removed,  and  they  therefore  remain  unchanged.  The  same  result 
is  arrived  at  by  drying  at  high  temperatures.  By  smoking  another 
result  is  obtained  in  addition  to  drying,  the  substances  getting  satu- 
rated with  creosote,  volatile  oils,  &c,  which  kill  the  organisms 
causing  putre&ction. 

The  conservation  of  foods  by  Apport's  method,  which  consists  in 
heating  them  in  tins  to  the  temi)erature  of  l)oiling  water,  and  then 
hermetically  closing  the  latter  whilst  still  at  that  temperature,  depends 
on  the  destruction  of  all  putrefactives  at  the  boiling  heat.  So  long  as 
no  air  can  reach  the  food  to  convey  fresh  germs  to  it,  it  remains  un- 
altered at  ordinary  temperatures ;  from  the  moment  of  contact  with 
air  putrefactive  action  starts,  which  can  be  again  destroyed  by  heating 
to  boiling. 

In  order  to  preserve  anatomical  preparations,  they  are  treated 
with  solutions  of  mercuric  chloiidej  zincic  chloride,  arsenious  acid,  &c. 

The  chief  mass  of  wood,  the  cell  substance,  is  not  cjipable  of  putre- 
£Eu;tion,  but  from  the  presence  of  albuminous  substances  in  the  wood, 
which  can  go  into  putrefaction  under  favouiable  conditions,  the 
woody  fibre  is  often  destroyed.  This  is  prevented  either  by  washing 
the  putrescible  suljstances  out  of  the  wood  (by  steaming  under  pres- 
sure), or  by  forcing  substances  into  it  which  prevent  putrefiiction 
(antiseptic  media).  The  wood  is  saturated  with  cui)ric  sulphate  or 
corrosive  sublimate  solutions,  or  with  *pyrolignate  of  iron,*  in  which 
latter  case  the  presence  of  creosote  is  especially  active. 
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71.  By  the  name  cyanogen  the  group  CN  (  =  Cy)  is  understood, 
which  acts  generally  as  a  monovalent  radical.  It  can  exist  in  seveiul 
modifications,  accordingly  as  the  combining  metal  is  united  to  the 
carbon  or  to  the  nitrogen  atom. 

In  the  first  c;u<o,  the  two  elements  are  united  to  each  other  by 
three  bonds : 

C=N 


R 

In  that  case  the  radical  is  termed  true  cyanogen  (generally  cyanogen 
only)  or  carbonitrile,  and,  simihirly  to  ammonia,  po8-;esses  the  ])Ower, 


fiO 
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phuric  acid  and  forty  parts  of  water  in  a  flask  (fig.  10,  a),  connected,  by 
tneaiiB  of  the  bent  tube  6,  with  the  condenKing  appnniLus  d  e.  The 
flnsk  IB  heated  until  the  liquid  begins  to  boil,  and  the  distillate  is 
collected  in  the  receiver  b. 

There  ia  thus  obtained  an  aqueous  pnissic  acid,  which  readily  de- 
oomposca  on  keeping ;  the  addition  of  a  drup  of  Dulphurtc  add  renders 
it  much  more  stable. 

By  the  actjon  of  sulphuric  acid  tipon  potasxic  ferrocyanide,  only 
one-half  of  ito  cyanogen  is  ernh-ed  as  hydrocyanic  acid,  there  being 
formed   at   the  same  time  a   white  insoluble  cyanide  of  iron  and 


potassium  of  the  formula  KjPeiO^Nj,  which  is  not  attac^ked  by 
dilute  sulphuric  acid.  The  reaction  taking  place  is  represented  by 
the  equation : 

2K,Fe(UsN,)  +  3H,80,  =  3KJ80^  +  OHCN  +  K,Fe,(CsN,). 

From  the  aqueous  hydi-ocyanic  acid,  the  anhydrous  add  can  be 
obtiiinal  by  fractional  distillation,  and  treatment  with  oildc  chloride ; 
the  pretty  couceii tinted  nqueoun  solution  is  slightly  wnrmod,  and 
the  vapour  of  the  eiisily  volatile  acid  condensed  in  a  receiver  cooled  by 
means  of  ice,  and  contitining  fused  odcic  chloride  in  coante  powder. 
The  recdver  is  tightly  stoppered,  and  allowed  to  stand  till  the  salt 
has  uriite<l  to  all  the  wnter  ;  then,  by  application  of  gentle  heat,  the 
anhydrous  add  is  distilled,  and  collected  in  a  receiver  cooled  hy  a 
freering  mixture  of  ice  and  salt. 
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76.  Hydrocyanic  acid  is  a  colourless,  mobile  liquid,  solidifying 
at  16°  to  a  fibrous  crystalline  mass,  and  boiling  at  +  26*5°.  In 
consequence  it  evaporates  wich  exti*aordiiiary  i*apitlity,  and  thereby 
absorbs  so  much  heat  that  a  drop  placed  on  a  glass  rod  can  be  caused 
to  partly  solidify  by  being  moved  quickly  through  the  air.  The  density 
of  the  liquid  is  -7058  at  +  7°  and  '6969  at  +  18%  vapour  density  -948. 
The  odour  is  peculiar,  somewhat  I'csembling  that  of  bitter  almonds ; 
the  vapour  of  the  acid  burns  with  a  pale  violet-coloured  flame. 

The  extraordinanly  poisonous  nature  of  hydi-ocyanic  acid  is  esj)ecially 
noticeable.  When  mixed  with  much  air,  and  inhaled  in  small  quantity, 
it  produces  a  peculiar  feeling  in  the  thi*oat;  in  larger  quantity,  faintness, 
and  finally  death.  The  unmixed  vai)our  of  the  anhydrous  acid  causes 
instant  death,  and  produces  equally  fatal  I'esults  by  dii*ect  contact  with 
the  blood.  In  very  small  doses  it  is  employed  as  a  medicine.  The 
acid  chiiracter  of  HCN  is  not  strongly  pronounced ;  litmus  paper  is 
scarcely  reddened  by  it ;  with  metallic  oxides,  however,  it  Ijehaves 
similarly  to  the  halogen  hydi-oacids,  yielding  genei-ally  metallic  cyanides 
and  water.  When  added  to  the  oxides  of  iron  it  readily  forms  ferric 
ferrocyanide  or  Pi'ussian  blue,  from  which  substance  it  derives  its 
common  name  of  pi'ussic  acid. 

Tliis  formation  of  Prussiiin  blue  serves  for  the  detection  of  small 
ti-aces  of  cyanogen  compounds.  Usually  the  liquid  to  be  tested  Ls 
mixed  with  a  ferrous  Siilt,  slight  excess  of  KHO  added,  and  the  liquid 
heated  for  a  short  time.     According  to  the  equations  : 


and 


Ki  lor  a  Huorb  liuio.      2i.ccuruiiig  ui  biie  equations  : 

6HCN  +  FeS04  -h  8K0H  =  6KCN  +  Fe(0H)2  +  K^jSO^ 

+  6OH2 


6K0N  -f  Fe(OH)j  =  K^FeCeNe  +  2K0H 


pota.ssic  ferrocyanide  is  formed ;  on  then  adding  fernc  chloiide  and 
acidulating  with  hydrochloric  acid,  a  deep  blue  pi-ecipitate  is  obtained. 
76.  By  keeping,  hydrocyanic  acid  soon  decomi>oses,  brown  solid 
bodies  sooaniting,  and  ammonic  salts  being  formed.  As  already  men- 
tioned, a  trac^e  of  a  strong  acid  retaixis  this  decomposition,  as  does  also 
dilution  with  large  quantities  of  water.  The  a^pieous  solution  forms 
by  its  decomposition  some  qiuiutity  of  ammonic  formate  : 

H 

\0.NH4 

By  boiling  with  alkalies  this  change  is  considerably  accelerated,  as  also 
by  heating  with  strong  mineral  acids ;  hydrochloric  acid,  for  instance, 
decomposing  hydrocyanic  acid  into  ammonic  chloride  and  formic  acid  : 

H 

/  /^ 

HCl  +  C=N  +  2H2O  =  C<  0  +  NH4CI. 

NO    H 

This  easy  conversion  of  tlie  cyanogen  into  the  oxatyl  group  CO  .Oil 
is  highly  characteristic  of  the  *  true '  cyanogen  compounds,  and  is  cj/* 
grecU  importance  in  organic  synthesis. 
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77.  Addition  Products  of  Hydrocyanic  Acid, — As  ali'eady  men- 
tioned, in  oertain  i^espects  hydrocyanic  acid  shows  proi>erties  which 
place  it  amongst  the  analogues  of  ammonia.  It  may  therefore  be 
viewed  as  a  molecule  of  ammonia,  in  which  the  three  hydrogen  atoms 
have  been  replaced  by  the  trivalent  radical  formyl  OH  : 

N^H  N^(C— H). 

^H 

In  the  anhydrous  state  it  yields  white  crystalline  compounds  by  direct 
union  with  HCl,  HBr,  or  HI : 

HON  +  HCl  =  H— C  =  N<^j ;  similarly :  HON  +  HBr  or  HCN 

+  HI 

These  compounds  are  decomposed  with  great  rapidity,  on  treatment 
with  water,  into  formic  acid  and  ammonic  salts  : 

H  -C^N<f  +  2OH2  =  NH4I  +  C4=0 
^  NOH 

Anhydrous  hydrocyanic  acid  also  unites  with  some  metallic  chlorides, 
crystalline  comi)ounds  i-esulting;  for  instance,  FejClg^iHCN  and 
SbCl5,3HCN,  the  constitution  of  these  bodies  being  probably 

CI    CI    CI  CI 

III  I      CI      CI 

H— C^N— Fe-N=C  -H  H— C=Nv     |        | 

I  >Sb-N^C-H 
H-C^N— Fc   -N=C— H  H-C^N/    I 

II  I       CI 
CI    CI                                    CI 


A, 


Metallic  Compounds  op  Cyanogen. 

78.  The  metallic  cyanides  can  be  prepared,  almost  without  ex- 
ception, from  hydrocyanic  acid,  though  only  in  the  case  of  the  most 
strongly  positive  metals,  by  action  in  the  metallic  state  upon  the 
acid  c 

Kj  -f  2HCN  =  2KCN  -h  Hj ; 

yet  by  use  of  the  hydi'ates,  in  some  cases  also  of  the  oxides,  they  can 
be  prejMired  without  difficulty  : 

HgO  +  2HCN  =  Hg(CN)2  +  HgO. 

The  insoluble  metallic  cyanides  ai*e  best  prepared  by  double  de- 
composition between  the  soluble  alkaline  cyanides,  and  soluble  salts  of 
the  resi)ective  metals. 

The  cyanides  of  the  different  metallic  groups  differ  from  one 
another  very  essentially  in  some  of  their  properties.  Whilst  tliose  of 
the  most  positive  metals  (the  alkalies  and  alkaline  earths)  ai'e  easily 
soluble  in  water,  are  of  strongly  alkaline  reaction,  are  decomposed  by 
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the  weakest  niinci'al  acids,  even  carbonic,  and  are  not  decomposed  by 
a  i-ed  heat  if  air  be  absent ;  those  of  the  less  positive  metals  (the 
heavy  metals)  are  mostly  insoluble,  or  diflScultly  soluble  in  water,  and 
are  decomi)ose<l  by  a  high  tempei-ature.  Some  of  these  latter  cyanides, 
more  especially  those  of  the  noble  metals  (mercury,  silver,  &c,,  paiiily 
also  Cu  and  Zn),  simply  decompose  into  the  metal  and  cyanogen, 
which  in  great  part  comes  off  as  gas,  whilst  the  others,  especially 
those  of  the  iron  grou[>,  arc  decomposed  on  ignition,  nitrogen  being 
evolved,  and  a  compound  of  the  metal  with  carbon  left  behind. 

The  cyanides  of  the  heavy  metals  mostly  combine  with  those  of 
the  alkalies,  forming  compounds  soluble  in  water.  In  these  double 
cyanides  very  fitx|uently  the  less  positive  heavy  metal  is  apparently 
more  firmly  united  than  the  more  positive,  and  Ciinnot  be  recognised 
by  its  usual  tests ;  when  trejitetl  with  mineral  acids  these  compounds 
yield  no  hydrocyanic  acid,  or  ^ve  up  their  cyanogen  only  partially  in 
tliat  form,  whilst  hydiic  metallic;  cyanides  of  acid  chanictcr  result;  e.g. 
pot»43sic  ferrocyanide  yields,  with  hydrochloiic  acid,  i)otassic  chloride 
and  hydroferrocyanic  acid : 

K^FcCcNfi  +  4HCI  =  4KC1  +  H^FeCoNe. 

In  such  double  cyanides  heavy  metals  can  replace  the  alkali 
metal,  and  such  replacing  metals  are  still  recognisable  by  their  ordi- 
nary reagents. 

These  double  cyanides  can  only  result  from  the  polymerisation  of 
the  cyanogen  group,  in  some  the  dicyanogen,  in  others  the  tricyanogen 
group  occurring. 

Some  metallic  cyanides  doubtless  contain  true  cyanogen — that  is, 
the  metal  united  to  carbon — whilst  others  appear  to  be  entirely  iso- 
cyanides ;  to  the  latter  class  probably  belong  the  cyanides  of  those 
metals  which  combine  readily  witli  nitrogen,  esi>ecially  those  which- 
yield  amid-compounds  with  ammonia. 

79.  Poiassic  Ci/anifle,  KC^y  or  K-  C=N. — Although  potassic 
cyanide  can  be  directly  prepai-ed,  still  it  is  generally  obtained  from 
dried  potassic  ferrocyanide,  which  is  heated  to  quiet  fusion,  without 
access  of  air : 

K4FeC6N6  =  4KCN  +  FeC^  +  N^. 

The  cjirbide  of  iron  settles  to  the  bottom,  and  the  clear  supernatant 
liquid  can  1^  poured  off.  Such  potassic  cyanide  as  remains  with  the 
residue  can  l)e  obtained  by  pulverisation  and  extraction  with  boiling 
alcohol ;  the  filtered  liquid  crystallises  on  cooling. 

It  can  be  obtained  in  larger  quantity,  and  of  sufficient  purity  for 
most  puri)08e8,  by  heating  a  mixture  of  eight  parts  of  dried  ])otassic 
ferrocyanide  with  three  parts  of  dried  potassic  carbonate  to  low  red- 
ness in  an  iron  crucible.  By  this  means  one-half  of  the  cyanogen, 
which  would  be  lost  but  for  the  addition  of  the  |)otash,  is  obtained  as 
potaf-sic  cyanide,  the  other  half  as  potassic  cyanate,  which  latter 
remains  mixed  with  the  cyanide ;  instead  of  ferric  carbide,  spongy 
iron  I'csults,  from  which  the  melted  salt  is  easily  separated  mechani- 
cally : 

K^¥e(C^t!f^)  +  KjCOa  =  5K(CN)  +  KCNO  +  CO,  +  Fe. 
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A  still  better  result  is  obtained  when  charcoal  is  also  added  to  the 
fusion,  and  the  mixture  strongly  heated,  the  carbon  reducing  a  large 
quantity  of  cyanato  to  cyanide  of  potassium  : 

K4Fe(C6N6)  +  K2CO3  +  0  =  6K(CN)  +  COj  +  CO  +  Fe. 

The  purest  potassic  cyanide  is  obtained  by  passing  the  vapour  of 
anhydrous  hydrocyanic  acid  into  a  solution  of  potassic  hydrate  in 
absolute  alcohol,  the  salt  separating  in  the  crystalline  form. 

Potassic  cyanide  is  a  colourless,  highly  poisonous  body,  crystallis- 
ing fi-om  solution  in  octahedra,  from  fusion  in  cubos ;  at  a  red  heat  it 
fuses  to  a  clear  liquid,  it  deliquesces  in  damp  air,  and — through  its 
slow  decomposition  by  the  carbonic  acid  of  the  air — smells  of  hydro- 
cyanic acid.  Its  aqueous  solution  reacts  strongly  alkaline.  It  is 
more  soluble  in  dilute  than  in  strong  alcohol.  It  decomposes  easily 
in  aqueous  solution,  especially  on  boiling,  into  potassic  formate  and 
ammonia  : 

K  H 

K  I  I 

I  +  2(H0H)  =  NH3  +  C=0  =     NH3  +  C=0 

CSN  I  I 

OH  OK 

When  fused  in  contact  with  air,  it  absorbs  oxygen,  and  is  con- 
verted into  cyanate.  It  undergoes  the  same  change  when  heated  with 
metallic  oxides,  and  is  therefore  one  of  the  most  powerful  reducing 
agents,  e.g. 

SO2  +  2KCN  =  S  +  2KCN0. 

The  cyanides  of  the  other  alkali  metals  resemble  that  of  potajssium  in 
nearly  all  particulai-s. 

C=N 

80.  Amnionic  cyanide,  CN2H4  =   |  ,  is  usually  prepared  by 

NH4 
heating  an  intimate  mixture  of  potassic  cyanide  and  sal  ammoniac. 
It  crystallises  in  colourless  cubes,  which  are  very  soluble  in  alcohol. 
It  boils  at  4-36°  with  dissociation  into  hydrocyanic  acid  and  am- 
monia, which  re-combine  on  reduction  of  tempei-ature.  It  is  « 
l>oisonous  as  prussic  acid  and  potassic  cyanide.  On  keeping,  it  de- 
composes, with  formation  of  a  blackish  brown  mass  (azulmine). 

The  formation  of  ammonic  cyanide  by  passing  ammonia  gas  over 
glowing  carbon : 

30  +  4NH3  =  2(CN.NH4)  -f  CH4  ; 

or  by  passing  ammonia  and  carbonic  oxide  thi*ough  red-hot  tubes : 

CO  -h  2NH3  =  CN.NH4  +  H2O ; 

is  of  considerable  theoretical  interest.  As  ammonic  cyanide  is  ob- 
tained by  the  destinictive  distillation  of  nitrogenous  organic  bodies,  it 
occurs,  often  in  considerable  quantity,  as  a  constituent  of  the  wash- 
water  of  gas-works. 

81.  Cyanides  of  the  alkaline  earths- -i,e,  of  barium,  strontium,  and 
calcium — can  be  prepared  dii-ectly,  but  are  best  obtained  by  ignition  of 
the  respective  ferrocyanides,  or  by  action  of  hydrocyanic  acid  on  their 
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hydrates.  They  are  more  difficultly  soluble  than  the  foregoing,  react 
alkaline,  and  are  very  easily  decomposed  by  carbonic  acid. 

82.  Zincic  cyanuhy  ZnC2N2  =  Zn(CN)2,  is  obtained  as  a  white 
insoluble  powder,  by  addition  of  hydrocyanic  acid  to  zincic  acetate, 
or  of  potassic  cyanide  to  any  other  zinc  salt.  It  is  decomposed  by 
adds  with  evolution  of  hydrocyanic  acid,  is  readily  soluble  in  excess 
of  potassic  cyanide,  the  solution  yielding  on  evaporation  octahedral 
crystals  of  potassic  zincic  cyanide  : 

K,ZnC,N,  =  Zn<(§g|j| 

The  cyanogen  compounds  of  cadmium  and  indium  are  quite  similar ; 
from  the  double  cyanides  the  metals  are  precipitated  by  sulphuretted 
hydrogen,  as  in  the  case  of  the  ordinary  salts. 

Indium  cyanide,  however,  is  distinguished  from  the  others  by  its 
easy  decomposition  on  boiling  with  water,  indium  hydrate  being 
formed : 

In(0N)2  +  2H2O  =  In(0H)2  +  2HCN. 

83.  Nickeloua  cyanide^  Ni(CN)2,  is  obtained  similarly  to  the 
zinc  salt,  as  an  apple-green  precipitate ;  it  is  easily  dissolved  by  an 
aqueous  solution  of  potassic  cyanide  to  a  yellow  solution,  which  by 
evaporation  yields  monoclinic  prisms  of  potassic  nickelous  cyanide, 

K5NiC4N4,OH2   or  Ni<(^2^2)5,OH2.     From    solutions    of    this 

salt,  nickelous  cyanide  is  re-precipitated  by  careful  addition  of  hydro- 
chloric acid ;  excess  of  acid  decomposes  it.  By  boiling  the  solution 
with  mercuric  oxide,  nickelous  oxide  is  precipitated,  and  potassic 
mercuric  cyanide  foimed. 

84.  Cyanides  of  CohaU. — By  careful  addition  of  potassic  cyanide 
to  a  cobaltous  salt,  a  reddish-brown  precipitate  of  cobaltous  cyanide 
is  obtained,  which  dissolves  readily  in  an  excess  of  the  precipitant. 
From  this  solution  alcohol  precipitates  potassic  cobaltous  cyanide, 
K4Co{C6N6),  which  crystallises  in  deep  red,  deliquescent  needles. 
Exposed  to  air  it  eagerly  absorbs  oxygen,  and  is  converted  into  potassic 
cobalticyanide,  which  is  also  formed  with  evolution  of  hydrogen  on 
boiling  the  solution : 

2K4Co(06N6)  +  2H20  =  K6Co2(C,2N,2)  +  2K0H  +  H2, 

as  also  by  heating  freshly  precipitated  cobaltous  hydrate  with  potassic 
cyanide  solution  : 

12KCN  +  2Co(OH)2  +  2H2O  =  K6Co2(Ci2N,2)  +  6K0H  +  H,. 

Potassic  cobalticyanide  crystallises  in  clear  yellow  crystals,  iso- 
morphous  with  those  of  pota&sic  ferricyanide  (see  later),  which  dissolve 
easily  in  water,  and  on  ignition  decompose  into  potassic  cyanide, 
cyanogen,  nitrogen,  and  cobalt  carbide.  The  cobalt  in  this  compound 
cannot  be  recognised  by  any  of  its  usual  reagents.  On  adding  a 
slight  excess  of  sulphuric  acid  to  a  concentrated  solution  of  this  salt, 
and  then  much  alcohol,  potassic  sulphate  separates,  and  the  alcoholic 
liquid  yields,  on  evaporation,  colourless  needles  of  hydrocobaUicyanic 
acidf  HsCo^CyisyHsO,  which  loses  its  water  of  crystallisation  at  100% 

r 


66  CYANOGEN  COMPOUNDS. 

deliquesces  in  the  air,  reacts  strongly  acid,  and  not  only  decomposes 
carbonates,  but  dissolves  zinc  and  iron  with  evolution  of  hydrogen. 
The  difference  in  behaviour  of  nickel  and  cobalt  salts  with  potassic 
cyanide,  is  made  use  of  in  the  quantitative  separation  of  these  metals. 

By  saturation  of  hydrocobalticyanic  acid  with  carbonates  or  hy- 
drates of  metals,  or  by  double  decomposition  of  salts  of  heavy  metals, 
and  solutions  of  potassic  oobalticyanide,  metallic  cobalticyanides  are 
obtained. 

The  probable  constitutional  formulae  of  the  cobalticyanides  would 
represent  them  as  containing  tri-c3ranogen  groups;  for  instance,  hydro- 
cobalticyanic acid  may  be  written  : 

Co<(C3N3)H 

\(C3N3)H, 

Co<(C3N3)Ha 

85.  Ci/anides  of  Iron. — Simple  cyanides  of  this  metal,  correspond- 
ing to  the  chlorides,  are  almost  unknown.  By  precipitation  of  a 
ferrous  salt  with  potassic  cyanide,  a  rust-coloured  body  is  obtained, 
soluble  in  hydrochloric  acid,  which  appears  to  be  ferrous  cyanide.  On 
mixing  a  ferric  salt  with  potassic  cyanide  solution,  the  liquid  at  first 
remains  clear,  and  may  in  thLs  state  contain  ferric  cyanide ;  but  it 
soon  deposits  ferric  hydrate,  with  evolution  of  hydrocyanic  acid,  and 
contains,  when  an  excess  of  potassic  cyanide  was  employed,  together 
with  that  salt,  potassic  ferrocyanide,  K4FeC6Ng.  This  latter  com- 
pound results  also  when  ferrous  salts  are  mixed  with  a  large  excess  of 
potassic  cyanide,  and  is  obtained  in  crystals  on  evaporating  the 
liquid. 

86.  Hydro-ferrocyari'W  Aeidj  H4Fe(C6N6). — If  a  concentrated  solu- 
tion of  potassic  feiTocyanide  be  acidulated  with  strong  hydrochloric 
acid,  colourless  leafy  crystals  of  hydro-ferrocyanic  acid  separate,  whose 
quantity  is  greatly  increased  on  SLddition  of  ether  to  the  liquid. 

It  is  soluble  in  water  and  alcohol,  insoluble  in  ether,  and  on  ad- 
dition of  excess  of  ether,  to  an  alcoholic  solution,  is  obtained  in  large 
crystals,  colourless  if  air  be  completely  excluded.  In  the  air  it 
quickly  decomposes  by  oxidation,  with  blue  colouration ;  it  reacts  and 
tastes  strongly  acid,  decomposes  carbonates,  and  forms  the  respective 
ferrocyanides  with  iron  and  zinc,  hydrogen  being  evolved.  In  both 
acid  and  salts  the  iron  is  completely  masked,  i.e.  not  recognisable  by 
its  usual  reagents. 

In  hydro-ferrocyanic  acid  also  the  cyanogen  is  probably  in  the 
form  of  bicyanogen,  and  the  rational  formula  of  the  compound  will 
therefore  be : 

In  the  ferrocyanides  the  hydrogen  is  replaced  by  metals,  &c. 

87.  Potassic  Ferrocycmidej  K4Fe(C5N6),3H30. — This  important 
salt^  known  in  commerce  as  yellow  prussiate,  was  first  obtained  by 
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washing  carbonised  Slood.  It  crystallisea  in  yellow  quadratic  pyra- 
mids, with  basal  faces  most  developed,  with  marked  cleavage,  parallel 
to  the  latter,  into  somewhat  pliable  laminae.  It  is  unalterable  in  air ; 
100  parts  of  water  dissolve  in  the  cold  25  parts  of  the  salt,  at  the 
boiling  tempera tiu*e  about  double  as  much.  On  gentle  heating  the 
crystals  lose  their  water  and  become  white  and  opaque.  The  decom- 
position on  strong  ignition  has  already  been  referred  to  (§  79). 

The  salt  is  formed  on  the  large  scale  by  introducing  animal 
charcoal  ^from  blood,  horn,  leather  parings,  <fec.)  and  iron  into  fused 
pearlash  (potassic  carbonate).  On  strong  ignition  potassic  cyanide  is 
formed  with  evolution  of  gas  : 

KaCOa  +  4C  +  2N  =  3C0  +  2KCN, 

and  from  the  sulphates  in  the  pearlash  and  the  iron,  ferrous  sulphide 
is  formed.  The  cooled  '  melt '  is  heated  with  hot  water,  whereby, 
according  to  the  equation 

6KCN  +  FeS  =  K^S  +  K4FeC6N6, 

potassic  ferrocyanide  results,  which  is  obtained  on  evaporation  of  the 
liquid  in  well-formed  crystals,  and  is  purified  by  re-crystallisation. 

88.  With  salts  of  the  heavy  metals,  potassic  ferrocyanide  generally 
yields  amorphous,  insoluble  precipitates  of  the  ferrocyanides ;  if  the 
metallic  solution  be  in  excess  all  the  potassium  ia  replaced  : 

2CnS04  +  K4Fe(C3N3)2  =  2X^804  +  Cu^FeiCj^'N^)^, 

whilst,  on  Uie  contrar}',  by  careful  addition  of  the  metallic  salt  to 
potassic  ferrocyanide  precipitates  are  obtained,  in  which  the  potas- 
sium is  only  partly  replaced  : 

CUSO4  -*-  K4Fe(C3N3)a  =  K3SO4  -h  K2CuFe(C3N3)a. 

By  boiling  with  potassic  hydrate  solution,  the  insoluble  metallic 
ferrocyanides  are  converted  into  potassic  ferrocyanide,  and  the  insoluble 
hydrate  or  oxide  of  the  metal : 

Cu,Fe(C3N3)2  +  4K0H  =  K4Fe(C3N3)a  -h  2CuO  -h  20Ha. 

J£  other  alkalies  or  alkaline  earths  be  employed,  the  ferrocyanides 
of  these  metals  result : 

CuaFe(C3N3)2  +  2Ba(H0),  =  Ba2Fe(C3N3)2  +  2CuO  +  20Ha. 

89.  Sodic  ferrocyanide,  Na4Fe(C3N3)2,120H2,  crystallises  in  yel- 
low, monoclinic,  readily  soluble  crystals,  which  effloresce  on  exposure 
to  air. 

Amnionic  ferrocyanide,  (NH4)4Fe(C3N3)2,3H20,  is  isomorphous 
with  the  potassium  salt. 

Baric  ferrocyanide,  Ba,Fe(C3N3)3,6H20,  is  difficultly  soluble  in 
cold  water;  somewhat  more  readily  soluble  are  Sr2Fe(C3N3)2,150H2, 
Ca^e(C,N,)2,12H20,  and  Mg2Fe(C3N3)a,10H2O. 

Of  the  insoluble  ferrocyanides  of  the  heavy  metals,  the  following 
may  be  shortly  noticed  : 

Zindcferrocyanide,  Zn2Fe(C3N,)2,3H,0,  is  a  white  amorphous 
precipitate,  ba  is  also  Uie  cadmic  salt. 

Niekdaua  ferrocyanide,    greenish    white,    oohaUic  ferrocyanide^ 

f2 
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yellowuih  green,  mnnfjaiiouii  ferrocynnide,  whitish,  cupric  /erro- 
ct/anvie,  Oii2Fe(C3N3)2,7Il20,  and  potassic  cupric  ferrocyanidcy 
K|CuFe(C3N3)2,  are  int«»ni«jly  ro(l-l)r()Wii  amorphous  precipitates; 
plumhicferrocifanUe.,  V\¥ii{Q^^),^j^\\,^Oy  and  argentic  f err ocyanide, 
•A^g4Fe(C3N3)j,  are  white. 

90.  The /*irroci/(JVfwieit  of  iron  ro(]iiire  more  detailed  notice. 

On  mixing  a  Holublo  fen*()cyanid()  with  a  ferrous  salt,  with 
total  exclusion  of  oxygen,  white  precipitates  of  ferrous  ferrocyanidey 
Fe2Fe(03N3)2,  and  ptdtustiir.  fttrrtmn  ferrocyanvle^  FeK2Fe(C3N3)2,  are 
obtained.  The  bitter  comi)ound  is  always  formed  in  the  preparation 
of  hydrocyanic  acid  by  heating  ])ota8Hic  ferrocyanido  with  dilute  sul- 
phuric acid  (§  74).  IJoth  lioditw  on  treatment  with  potassic  hydrate 
give  potassic  ferrocyanide  with  separaticm  of  fenx)us  hydrate  : 

KaFe.Fe(C3N3)2  +  2K0H  =  K4Fe(C3N3)2  +  Fe(0H)2, 

and  oxidise  with  great  readiness  on  exposure  to  air,  yielding  blue 
ferric  ferrocyanide. 

When  poured  into  solutions  of  ferric  salts,  potassic  ferrocyanide 
gives  a  beautiful  blue  precipitate  of  ferric  ferrocyanide,  or  Pinissian 
blue : 

3K4Fe(08N3),  +  2Fe2Cl6  =  12KC1  +  Fo^Cj^Nig 

Fe< 

I'l _    Jn:^^:^>Fe 


„  F..  (F,C.N.).      =      FKJgJJjr 


Prussian  blue  is  a  deep  blue  powder,  which,  when  air-dried,  still 
contains  more  than  20%  of  water :  when  strongly  compressed,  and 
especially  by  loibbing  with  hard  polished  substances,  it  shows  on  the 
sm^aoe  a  copper-red  metallic  lastre.  It  is  insoluble  in  water,  alcohol, 
dilute  acids,  <kc.,  but  is  dissolved  by  oxalic  acid,  and  by  ammonic 
acetate  to  blue  solutions  (blue  ink).  By  boiling  with  alkalies  it  is 
re-converted  into  alkaline  ferrocyanides,  ferric  hydrate  separating : 

(Fe2)2.3[Fe(C3N3)2]  +  12KH0  =  3K4Fe(C3N3)2  +  2Fe2(OH)6. 

When  excess  of  potassic  ferrocyanide  is  giudually  mixed  with  a 
ferric  solution,  the  so-called  soluble  Prussian  blue  is  forinod  ;  a  ferric 
potassic  ferrocyanide,  of  unknown  composition,  which  is  insoluble  in 
hydrochloric  add,  but  soluble  in  pure  water  to  a  deep  blut*  li(piid. 

91-  Potassic  Ferricyanide,  or  Red  Prussiafe^  ^n^^' 2^12^x2 
=  K6Fea(C3N3)4. — When  chlorine  is  passed  into  a  solution  of  potas- 
sic ferrocyanide  until  a  portion  of  the  liquid  no  longer  gives  a  blue 
precipitate  with  ferric  chloride,  and  the  solution  evaporated  to  crys- 
tallisation, potassic  ferricyanide  crystallises  out  in  large,  shining  red, 
rhombic  prisms,  the  salt  baing  formed  according  to  the  equation  : 

2K4Fe(C3N3)2  -h  CI,  =  2KC1  -h  K6Fe2(C3N3)4. 

Longer  treatment  with  chlorine  decomposes  the  ferricyanide. 

The  yeUowish-greenish-brown  solution  of  this  very  poisonous  salt 
decomposes  on  exposure  to  light,  with  formation  of  potassic  ferro- 
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cyanide  and  a  bine  precipitate ;  in  the  presence  of  free  alkalies  it  acts 
as  a  powerful  oxidising  agent,  being  itself  reduced  to  ferrocyanide ; 
for  instance : 

K6Fea(C8N3)4  +  Vh{011^)  +  2K0H  =  2K4Fe(C3N3)a  +  PbOa 

-f  2OH2. 

Potassic  ferricyanide  dissolves  in  3*8  parts  of  cold,  more  readily  in  hot 
water ;  it  precipitates  the  solutions  of  most  salts  of  the  heavy  metals, 
the  latter  replacing  the  potassium.  A  large  number  of  the  resulting 
insoluble  ferricyanides  are  characteiistic,  but  others  are  the  same 
colours  as  the  ferrocyanides.  The  zinc  and  cadmium  compounds  are 
more  or  less  deep  yellow  precipitates,  soluble  .in  dilute  hydrochloric 
add ;  of  similar  colour,  but  insoluble  in  HCI,  are  nickelous  and  cupric 
ferricyanides ;  cobaltous  and  manganous  ferricyanides  are  dark  bi-own, 
argentic  ferricyanide  is  a  rust-brown  precipitate. 

On  addition  of  ferrous  salts  to  potassic  fenicyanide  solution,  a 
precipitate  of  ferrous  femcyanide  (Turnbuirs  blue),  similar  to  Prussian 
blue  in  appearance,  is  obtained  : 

K^Fe^iC^-N^),  -f  3FeS04  =  aK^SO^  +  Fe3Fe2(C3N3)4. 

When  insoluble  metallic  ferricyanides  are  heated  with  alkalies,  the 
oxides  are  separated,  and  alkaline  and  iron  cyanogen  compoimds  formed ; 
the  latter  are  ferricyanides  if  the  resulting  oxide  be  not  further  oxi- 
disable  : 

Zn3Fe,(03N3)4  +  6K0H  =  KeFe2(C3N3)4  +  3Zn(OH)2, 

whilst,  on  the  other  hand,  if  the  metal  admits  of  further  oxidation, 
this  ensues  with  reduction  of  the  ferricyanide  to  ferixxjyanide : 

^eJ^e^{C^'N3)^  -f  8K0H  =  K6Fe,(C3N3)4  +  3Fe(OH)2  +  2K0H 
=  2K4Fe(C3N3)2  +  Fe2(OH)6  +  Fe(0H)2. 

The  soluble  ferricyanides  are  not  precipitated  by  ferric  or  chromic 
salts,  as  the  respective  ferricyanides  ai-e  soluble  in  water : 

Kerea(C,N3)4  +  FcaCle  =  6KC1  +  Fe2.Fea(C3N3)4. 

On  mixing  concentrated  solutions  of  potassic  ferricyanide  and 
plumbic  nitrate,  heavy,  soluble,  dark  crystals  of  plumbic  ferricycmide 
slowly  separate.  When  these  crystals  are  decomposed  by  a  not  quite 
equivalent  quantity  of  sulphuric  acid,  the  liquid  decanted  from  the 
precipitate  of  plumbic  sulphate  contains  hydrqferricya/nic  addy 
H5Fej(C3N3)4,  which,  by  earful  evaporation  in  the  cold,  yields  brown- 
oolourod  needles,  eaidly  soluble,  strongly  acid,  and  poisonous.  Their 
solution  gives  with  ferrous  salts  a  blue  precipitate,  and  decomposes  on 
boiling  with  evolution  of  hydrocyanic  acid  and  precipitation  of  a 
beautiKLl  green-coloui'ed  insoluble  ferrous  ferric  cyanide. 

92.  Nitro-pruH9ide  Compounds. — When  powdered  potassic  ferro- 
cyanide  is  heated  with  double  its  weight  of  fuming  nitric  acid,  and 
an  equal  volume  of  water,  carbonic  anhydride,  nitrogen,  and  hydi'ocyanic 
acid  are  evolved,  and  the  solution  no  longer  gives  a  blue  precipitate 
with  ferric  salts ;  on  cooling,  potassic  nitrate  crystallises  out.  The 
dark-coloured  liquid,  diluted  with  water,  and  neutralised  with  sodic 
carbonate,  b  then  evaporated  nearly  to  crystallisation,  then  mixed 
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with  three  times  its  volume  of  alcohol,  filtered  after  long  standing, 
and  the  solution  evaporated.  There  then  separate  well-formed,  red, 
rhombic  prisms  of  sodic  nitro-pru8side,  which  are  easily  soluble  in 
water.  The  same  salt  is  obtained  directly  by  adding  to  a  solution  of 
sodic  ferrocyanide,  potassic  nitrite,  ferric  chloride,  and  very  dilute 
sulphuric  acid,  and  f^ter  many  days'  standing,  neutralising  with  sodic 
hydrate. 

The  formula  of  sodic  nitro-prusside  is  not  yet  settled  with  certainty. 
The  simplest  passably  correct  expression  for  the  composition  of  the 
salt  is  Na2Fe(NO)C5N5,2H20,  but  this  does  not  correspond  sufficiently 
well  with  the  known  decompositions  of  the  salt.  When  heated  with 
sodic  hydrate,  one-«ixtb  of  the  contained  iron  separates  as  ferric 
hydrate,  and  the  nitrosyl  group  separates  as  nitrite,  whilst  sodic  ferro- 
cyanide remains  in  solution.  It  can  therefore  be  viewed  as  ten 
molecules  of  sodic  ferrocyanide,  in  which  six  atoms  of  sodium  are 

replaced  by  the  ferric  group  Fe2,  and  ten  more  by  (NO.)  Thereby  it 
would  have  the  very  complicated  formula : 

Na24Fe2(NO),o[Fe(C3N3),],o,20HaO. 

The  solution  of  sodic  nitro-prusside  decomposes  spontaneously  on 
long  standing,  with  separation  of  Prussian  blue.  With  many  metallic 
salts  it  gives  insoluble  precipitates — e.g.  with  cupric  salt  a  yellowish- 
green  cupric  nitro-prusside,  with  silver  salt  a  flesh-coloured  argentic 
nitro-prusside,  Ag2(NO)Fe(C5N5)  (I),  from  which,  by  careful  decom- 
position with  hydrochloiic  acid,  tnere  is  obtained  the  unstable  hydro- 
nitro-prussic  acid  H2(NO)Fe(C5N5)  (?),  of  strongly  acid  reaction  ;  by 
separation  of  this  solution  in  vacuo,  it  crystallises  in  dark-red  deli- 
quescent prisms,  which  contain  one  molecule  of  water  of  crystallisation. 

All  soluble  nitro-pnissides  give,  with  reducing  agents,  transient, 
beautiful  violet  or  blue  solutions.  These  colours  are  most  easily  pro- 
duced by  soluble  metallic  sulphides.  Sodic  nitro-prusside,  therefore, 
is  used  as  a  very  sensitive  reagent  for  alkaline  sulphides  and  hydric 
sulphide. 

93.  Cyanides  of  Mamga/rvese  and  Chromium. — Potassic  mangano- 
cyanide,  K4Mn(C3N3)2,3H20,  isomorphous  with  the  corresponding 
ferrous  compound,  results  from  the  addition  of  potassic  cyanide  to  man- 
ganous  acetate,  until  the  greenish  precipitate  of  manganous  cyanide  first 
formed  is  re-dissolved,  and  subsequent  precipitation  with  alcohol.  It 
crystallises  in  transparent  blue  tables  of  the  quadratic  system,  effloresces 
in  dry  air,  and  dissolves  easily  in  water  to  a  colourless  liquid ;  the 
solution  on  standing  yields  a  green  insoluble  double  salt  of  the  for- 
mula K.Mn(03N3)  or  K2Mn2(C3N3)2. 

On  exposure  to  the  air  of  a  solution  of  potassic  manganocyanide, 
oxygen  is  absorbed  with  formation  of  potassic  manganicyanide, 
KgMn2(C3N3)4,  which  crystallises  in  deep  red  prisms,  isomorphous 
with  potassic  ferricyanide. 

By  boiling  a  solution  of  six  parts  of  potassic  cyanide  with  five  parts 
of  chrome  alum,  addition  of  a  tenth  of  the  volume  of  liquid  of  alcohol, 
and  evaporation  of  the  filtrate,  there  is  obtained  potassic  chromir 
cyanide,  KgCr2(C3N3)4,  as  easily  soluble,  clear,  yeUow,  monodinic 
crystals. 
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94.  Cyanides  of  Copper, — A  cyanide  of  copper  of  the  formula 
Cu(0N)2  is  not  obtainable  in  the  pure  state ;  an  impure  preparation  is 
formed  by  addition  of  potassic  cyanide  to  solution  of  cupric  sulphate, 
or  of  cupric  acetate  to  hydrocyanic  acid,  as  a  dirty  yellowish-brown 
precipitate,  but  this  very  quickly  decomposes,  with  evolution  of  cyano* 
gen,  into  green  crystals  of  cuprous  cupric  cycmide  : 

Cu(C2N2). 
Cu3N<C4,5HaO  =      |  >Cu,5H20 

Cu(CaNa)/ 

In  boiling  water  this  is  readily  further  decomposed  into  cyanogen  and 
cuprous  cyanide,  Cu2(CN)2  =  CN — Cu— Cu — CN. 

Cuprous  cyanide  is  a  white  powder,  insoluble  in  water,  easily 
soluble  in  hydrochloric  acid,  ammonia,  or  aqueous  potassic  cyanide. 
With  the  latter  it  forms  crystalline,  colourless,  double  salts  of  different 
composition,  namely : 

Cu— (C2N2)K 
K2CU2C4N4    =    I 

Cu— (C2N2)K 

which  is  difficultly  soluble,  and  the  more  soluble  K^CuaCgNg,  from 
which  sulphuretted  hydrogen  does  not  precipitate  the  copper.  These 
double  salts  are  also  obtained  when  solutions  of  cupric  salts  are  mixed 
with  excess  of  potassic  cyanide.  % 

From  plumbic  cupro-cyanide  (obtained  by  precipitation  of  potassic 
cnpro-cyanide  with  plumbic  acetate)  the  compound  H2CU2C4N4  is 
obtained  by  decomposition  with  sulphuretted  hydrogen;  it  readily 
decomposes  into  cuprous  cyanide  and  hydrocyanic  acid. 

95.  Of  the  cyanogen  compounds  of  mercury,  that  one  corre- 
sponding to  calomel  is  not  known  ;  when  potassic  cyanide  is  added  to 
a  mercurous  salt,  metallic  mercury  is  precipitated,  and  mercuric 
cyanide  left  in  solution  : 

Hg2(N03)2  +  2KCN  =  2KNO3  +  Hg  +  Hg(CN)2. 

Mercuric  cyanide  is  prepared  by  dissolving  yellow  mercuric  oxide  in 
aqueous  hydrocyanic  acid,  the  foimer  being  used  in  slight  excess.  It  is 
also  easily  obtained  by  boiling  Prussian  blue  with  mercuric  oxide, 
until  all  the  iron  is  precipitated  as  oxide.  At  ordinary  temperatures 
one  part  of  Hg(CN)2  is  soluble  in  eight  parts  of  water.  It  crystallises 
in  large  brilliant  quadratic  piisms,  which  are  extremely  poisonous ;  on 
heating  it  splits  up  into  metal,  and  cyanogen  gas,  a  portion  of  which 
remains  polymerised  as  paracyanogen,  a  blackish-brown  powder. 

Mercuric  C3ranide  yields  with  the  alkaline  cyanides  beautiful 
oystalline  double  salts,  e.g. 

K,HgC,N,  =  Hg<<g»g|j| 

which  crystallises  in  colourless  octahedra. 

By  mixing  its  solution  with  the  molecular  quantity  of  mercuric 
chloride  and  evaporating,  quadratic  prisms  separate,  of  rmrcuric  cyano- 
chloride 

Hg<g^)    or  more  probably   Hg<g«^^j>Hg. 
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On  boiling  mercunc  cyanide  solution  with  mercuric  oxide,  much  of 
the  latter  is  dissolved,  and  on  cooling,  needles  of  mercuric  oxycyanidey 
(CN)— Hg— O— Hg— (CN),  separate. 

Mercuric  cyanide  also  combines  with  many  metallic  chlorides, 
bromides,  and  iodides,  forming  double  salts,  most  of  which  crystallise 
beautifully ;  for  instance  : 

Hg(CN)2  +  NaCl  =  Hg<<^2^2)^*  silky  flattened  needles 

Hg(CN)2  +  KI     =Hg<^^2^«)^   nacreous  needles 
Hg(CN)2  +  AgNOa  +  2Ufi  =  Hg<J5^|JJ^2)^«,2H,0  prisms 

96.  ArgerUic  cya/nide,  Ag  (CN)  or  Ag2(C3N2),  separates  as  a  white 
curdy  precipitate,  resembling  argentic  chloride,  when  hydrocyanic 
acid  or  a  soluble  cyanide  is  added  to  a  silver  solution.  It  is  insoluble 
in  water,  and  nitnc  acid,  but  easily  soluble  in  ammonia,  and  potassic 
cyanide,  and  is  unaltered  by  alkaline  hydrates  and  chlorides.  It  does 
not  blacken  in  sunlight,  melts  on  heating,  and  leaves,  on  long  ignition 
in  absence  of  air,  a  white  metallic  mass  consisting  of  silver  and  argentic 
paracyanide,  Ag(C3N3). 

As  will  be  shown  later,  when  treating  of  the  nitrogen  compounds 
of  the  alcohol  radicals,  the  silver  in  argentic  cyanide  is  most  probably 
combined  to  the  nitrogen,  the  cyanogen  being  present  in  the  iao  fonu, 
and  the  formula  therefore  : 

C=N— Ag. 

The  product  of  the  solution  of  argentic  in  potassic  cyanide  is 
potassio-argentic  cycmide^  KAg(CN)2,  or  KaAg2(C2N2)2»  which  crys- 
tallises in  six-sided,  colourless  tables,  readily  soluble  in  water.  In 
this  compound  there  is  probably  a  dicyanogen  radical,  consisting  of 
one  true  and  one  isocyanogen  group  : 

K— Ci=N 

Ag— N=C  Ag— N=C 


or 
K— C=N  Ag— I^EC 


K— CzizN 

This  salt  is  chiefly  employed  in  electroplating,  as  it  gives  a  very 
coherent  deposit  on  the  negative  pole,  when  electrolised. 

The  behaviour  of  argentic  cyanide  towards  potassic  cyanide  yields 
a  method  of  sufficient  accuracy  for  the  estimation  of  hydrocyanic  add 
or  potassic  cyanide.  For  this  purpose  a  measured  quantity  of  the 
liquid  under  examination  is  taken  and  convert.ed,  if  needful,  into 
potassic  cyanide,  by  addition  of  potassic  hydrate^  Dilute  standard 
solution  of  argentic  nitrate  is  then  added  slowly  ;  at  first  there  is  no 
preci}>itate,  potassic  argentic  cyanide  being  formed  until  one-half  of 
the  cyanogen  is  converted  into  argentic  cyanide  : 

2KCN  +  AgNOa  =  KNO3  +  K.Ag.CaNj  ; 
as  soon,  however,  as  by  addition  of  silver  solution  this  point  is  over- 
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stepped,  every  drop  added  produces  a  permanent  precipitate  of  argentic 
cyanide  : 

KAg(C2N2)  +  AgNOa  =  2Ag(CN)  +  KNO3. 

The  quantity  of  silver  solution  used  up  to  this  point  corresponds 
therefore  in  equivalents  to  half  the  quantity  of  hydrocyanic  acid  pre- 
sent. As  a  rule,  a  decinormal  solution  of  argentic  nitrate  is  employed ; 
this  is  prepared  by  dissolving  17*0  grams  of  argentic  nitrate  (an 
equivalent  in  ^  grams)  to  one  litre  of  solution  (  =  0*01 7  grams  AgNO^ 
per  C.C.),  and  this  is  delivered  dix)p  by  drop  until  the  precipitate  formed 
does  not  disappear  on  shaking.  The  number  of  c.c.  used  multiplied 
by  '0054  gives  the  amount  in  grams  of  prussic  acid  present  (equivalent 
of  HCN  =  27  and  27  x  2  =  54),  by  -013  the  amount  of  potassic  cy- 
anide. 

97.  Cyanidea  of  Gold, — Aurov^  cyanide,  Au(CN),  a  yellow  powder 
consisting  of  microscopical  hexagonal  tables,  insoluble  in  water,  is  best 
obtained  by  decomposition  with  hydrochloric  acid,  of  its  double  salt 
with  potassic  cyanide.  Potassic  aurocyanide  is  easily  prepared  by 
solution  of  the  oxide  or  sulphide  in  potassic  cyanide,  as  also  by  long 
standing  of  finely  divided  gold  in  potassic  cyanide  solution,  air  being 
excluded.     It  forms  long  colourless  prisms  easily  soluble  in  water. 

Potassic  auricyanide,  KAu(CN)4,  HjO  or  Au^-CN  jOHj, 

\(C,N,)K 

is  obtained  by  mixing  a  neutral  solution  of  auric  chloride  with  a  boil- 
ing concentrated  solution  of  potassic  cyanide;  on  cooling  large  colourless 
crystals  are  formed.  The  dilute  aqueous  solution  generally  obtained 
by  mixing  auric  chloride  and  dilute  potassic  cyanide  solution,  is 
employed  in  electro-gilding. 

Wlien  a  solution  of  potassic  auricyanide  is  added  to  argentic 
nitrate,  a  curdy  precipitate  of  argentic  auricyanide  is  obtained, 
which,  suspended  in  water,  and  decomposed  by  a  slightly  insufficient 
quantity  of  hydrochloric  acid,  yields  a  solution  of  hydroauricyamo 
acid ;  by  evaporation  of  the  filtered  solution  in  vacuo,  large  tabular 
crystals  of  auric  cyanide,  Au(CN)3,3H20,  are  obtained. 

98.  Cyanides  of  Platinum. — Platinous  chloride  dissolves  readily  in 
aqueous  potassic  cyanide;  on  evaporation,  potassic  platinocyanide 
crystallises  out : 

PtCla  +  4K(CN)  =  2KC1  +  K2R(C4N4). 

It  is  also  formed  when  a  mixture  of  platinic  chloride  and  potassic 
cyanide  are  boiled  together  for  a  long  time  : 

RCI4  +  6KCN  =  K2Pt(C4N4)  +  C2N2  +  4KC1, 

or  when  spongy  platinum  is  fused  with  potassic  cyanide  or  ferro- 
cyanide,  the  product  extracted  with  watei*,  and  the  solution  crystallised. 

Potassic platinocyanide,Yi^^^^H^fi'HL2^j   forms   long   prisms, 

pale  yellow  by  transmitted,  betiutiful  blue-coloured  by  reflected  light. 
By  double  decomposition  other  metallic  platinocyanides  are  obtained 
from  this,  which  when  crystallised  show  splendid  fluorescent  pheno- 
mena ;  for  instance : 
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Baric  platinooyanide,  BaPt(C4N4),4H20,  citron  yellow  prisms 
with  violet  and  greenish  reflection. 

MoLgThesic  pkUinocyanide^  MgPt(C4N4),7H20,  red  quadratic  prisms, 
with  metallic  green  reflection  from  the  side  ffiLces,  and  deep  hlue  from 
the  end  faces. 

In  aqueous  solution  these  salts  give  insoluble  precipitates  with 
many  of  the  salts  of  the  heavy  metals.  By  decomposing  argentic  or 
mercuric  platinocyanide  with  hydric  sulphide,  the  readily  soluble  hy- 
droplatinocyanic  add,  H2Pt(C4N4),  is  obtained,  which  crystallises  when 
anhydrous  in  needles  of  golden  lustre,  when  with  SHjO,  in  vermillion- 
coloured  crystals  with  bluish-black  reflection ;  the  solution  is  colour- 
less. Heated  to  higher  temperatures,  hydro-platinocyanic  acid  yields 
prussic  add,  and  leaves  a  residue  of  greenish-yellow  insoluble  platinous 
cyanide,  which  on  stronger  ignition  is  completely  decomposed. 

When  chlorine  is  passed  into  a  concentrated  solution  of  potassic 
platinocyanide,  there  separates  from  the  colourless  liquid  copper- 
coloured  crystals  of  metallic  lustre,  consisting  of  potassic  platini- 
cyanide,  K4pt2(CioNio),6H20. 

The  cyanide  corresponding  to  platinic  chloride  does  not  appear  to 
exist. 

Haloqen  Compounds  op  Cyanooen. 

99.  The  cyanogen  radical  combines  with  chlorine,  bromine,  and 
iodine  to  haloid  compounds,  in  which  the  halogen  atom  is  united  to 
the  carbon.  The  chloride  and  bromide  poljrmerise — the  latter  indeed 
only  on  heating — with  tripling  of  the  molecule. 

Cyanogen  cJdoride,  CI — C=N,  or  liquid  cyanogen  chloride,  results 
from  the  decomposition  of  metallic  cyanides  and  dilute  prussic  acid  by 
chlorine.  It  is  generally  obtained  by  passing  chlorine,  in  the  dark, 
over  damp  mercuric  cyanide  : 

Hg(CN)2  +  2CI2  =  HgCl2  +  2C1CN, 

and  condensation  of  the  dried  vapour  in  strongly  cooled  vessels ;  or 
by  passing  a  quick  stream  of  chlorine  into  aqueous  prussic  add  of 
20%  strength,  the  reaction  taking  place  in  a  retort  cooled  by  a  freez- 
ing mixture,  and  connected  with  a  condenser.  The  oily  cyanogen 
chloride,  which  separates  to  the  bottom,  is  parted  from  the  aqueous 
liquid,  mixed  with  mercuric  oxide  to  remove  any  imdecomposed  HCN, 
and  rectified  into  well-cooled  receivers. 

It  is  a  colourless  mobile  liquid,  becoming  a  crystalline  mass  at 
—  6°,  and  boiling  at  15*5°.  Its  vapour  attacks  the  mucous  membrane 
violently,  and  is  in  the  highest  degree  poisonous ;  it  is  more  dificultly 
soluble  in  water  than  in  alcohol  or  ether. 

By  long  keeping  in  sealed  tubes,  cyanogen  chloride  changes 
spontaneouidy  into 

Tricyanogen  tricJdoride  or  solid  cyanogen  chloride  : 

CI— C=:N 

i     I 
C8N3CI3  =       N-c~a 

a— c=N 
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The  same  compound  is  obtained  directly  by  pouring  anhydrous 
prussic  acid  into  a  flask  filled  with  chlorine,  and  then  exposing  to 
sunlight ;  or  when  a  slow  stream  of  chlorine  is  passed  into  a  solution 
of  anhydrous  prussic  acid  in  four  times  its  volume  of  ether,  which  is 
carefuUy  cooled. 

Solid  cyanogen  chloride  crystallises  in  large  needles  or  leaves,  which 
melt  at  145°  ;  the  boiling  point  is  about  190°,  the  vapour  density  = 
6*33,  being  three  times  that  of  the  single  cyanogen  chloride. 

By  decomposition  of  potassic  or  mei-curic  cyanides  by  bromine, 
cyanogen  bromide,  Br — C=N,  is  obtained  in  the  form  of  shining 
colourless  needles  or  cubes,  which  easily  volatilise.  When  these, 
either  alone  or  dissolved  in  ether,  ai*e  heated  in  sealed  glass  tubes  to 
130°-140°  for  several  hours,  they  are  converted  into : 

TricyaTwgen  tribromide,  which  melts  at  a  little  above  300°,  and 
sublimes  at  a  still  higher  temperature. 

Cyanogen  iodide,  I — C^N,  crystallises  in  colourless  needles, 
which  sublimes  easily,  without  previous  fusion,  with  a  strong  odour, 
and,  like  the  above-mentioned  compounds,  is  very  poisonous.  It  is 
obtained  by  sublimation  of  a  mixture  of  mercuric  cyanide  and  iodine. 
On  adding  iodine  to  a  pretty  concentrated  solution  of  potassic  cyanide, 
the  liquid  colours  quickly  and  solidifies  to  a  crystalline  mass  : 

KCN  +  I2  =  KI  +  ICN, 

from  which  the  ICN  is  obtained  by  shaking  with  ether. 


Cyanic  Acids. 

100.  The  true  cyanic  acid   has  the  constitution    of    cyanogen 
hydrate : 

H— 0— C^N ; 

to  this  there  would  be  a  corresponding  pseudo-cyanogen  compound, 
carboxylimide : 

OizrO^N—H. 

Which  of  these  is  the  formula  of  the  known  cyanic  acid  is  not  yet  quite 
certain,  though  there  are  good  reasons  for  believing  the  first  to  be 
correct.  On  the  other  hand,  two  potassium  derivatives,  (CN)OK  and 
(CO)NK,  are  known,  which,  though  clearly  different,  easily  change 
into  one  another. 

The  same  is  generally  true  of  the  polymeric  acids,  especially  of 
tricyanic  or  cyanuric  acid. 

101.  Cyanic  Acid,  HCNO,  probably  C=N. — Cyanic  add  can  only 

\ 
OH 

be  obtained  by  strong  heating  of  the  polymeric  cyanuric  acid.  This 
18  done  in  a  small  retort,  and  the  resulting  vapour  condensed  in 
a  receiver  cooled  with  ice.  It  is  a  colourless,  easily  volatile  liquid, 
of  strongly  add  reaction,  smells  like  concentrated  acetic  add,  and 
blisters  the  skin.  Left  to  itself,  it  clouds  with  slowly  increasing  tem- 
perature, and  finally  solidifies,  with  stronger  evolution  of  heat,  to  a 
white  porcelain-like  mass,  called  cyamelide.     This  is  a  polymer  of 
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cyanic  acid,  but  of  unknown  molecular  weight ;  it  has  no  longer  the 
properties  of  an  acid ;  by  sti^ng  heating  it  is  re-converted  into  cyanic 
acid. 

When  cyanic  add  is  mixed  with  water  at  the  ordinary  tem- 
perature they  soon  react,  with  evolution  of  heat,  forming  hydric- 
ammonic  carbonate,  so  that  the  first  acid  reaction  is  quickly  changed 
to  alkaline: 

CNHO  +  2HaO  =  NH4.HCO3 

/O.NH4 
C=N^  +  2H2O         =         C^O 
\  \0H 

OH 

At  0°  this  reaction  only  takes  place  very  slowly. 

With  the  basic  hydrates  cyanic  acid  yields  salts  of  neutral  reaction, 
which  require  re-investigation  for  the  proper  determination  of  their 
structure. 

102.  Fotasaic  CyaruUe. — (a)  Ordinary  potassic  cyanate,  or  probably 
pseudo-cyanate,  OizzC — N — K,  is  formed  by  the  oxidation  of  fused 
potassic  cyanide  by  the  air,  or  by  metallic  oxides.  Usually  potassic 
cyanide  is  melted  and  dry  plumbic  oxide,  or  minium,  added,  stirring 
until  gas  bubbles  begin  to  appear  : 

KCN  +  PbO  =  KCNO  -f  Pb. 

Another  method  is  to  mix  dried  potassic  ferrocyanide  with  half  its 
weight  of  pyrolusite,  and  heat  on  an  iron  plate  until  the  mass  softens. 
The  *  melt '  is  then  treated  with  boiling  hydrated  alcohol  (80%) ;  from 
this  solution  the  salt  crystallises  on  cooling  in  colourless  indistinct 
needles  or  leaves.  It  dissolves  easily  in  water,  difficultly  in  8ti*ong 
alcohol.  Boiled  with  water  it  yields  potassic  and  ammonic  carbonates  : 

^j.  /OK  .ONH, 

^  So         So 

This  cyanate,  prepared  by  fusion,  doubtless  consists,  at  least  in 

great  part,  of  isocyanate,  as  by  replacement  of  the  potassium  by  hydro- 

.  j^  C  H 

carbon  radicals,  the  isocyanic  ethers  result;  for  instance,  C^q '   *    *' 

in  which  the  organic  radical  is  united  to  the  nitrogen. 

(/3)  An  isomeric  body,  probably  the  true  cyanate,  C^N,  is  formed, 

OK 
together  with  potassic  chloride,  by  passing  cyanogen  chloride  into 
potassic  hydrate,  the  temperature  being  kept  as  low  as  possible  : 

CI— C=N^  +  2K0H  =  KOC^N  +  KCl  +  H^O ; 

it  crystaUises  in  long  needles,  and  is  converted  by  fusion  into  the 
foregoing,  from  which  it  is  distinguished  by  its  convertibility  into 
dicyand^^ide  (§  115). 

On  endeavouring  to  liberate  the  acid  from  either  of  these  salts,  or 
from  other  metallic  cyanates,  by  addition  of  strong  mineral  acids — tor 
instance,  sulphuric  acid — carbonic  anhydride  is  liberated  with  efi'er- 
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ves^cence,  whilst  the  acid  sulphates  of  the  respective  metal,  and  of 
ammonium  results : 

K— N=Czz:0  +  2H2SO4  +  H2O  =  CO2  +  KHSO4  +  (NH4)HS04. 
K— O— C=N  +  2H2SO4  +  H2O  =  CO2  +  KHSO4  +  (NH4)HS04. 

Ordinary  potassic  cyanide  gives  in  aqueous  solution  white  precipi- 
tates with  the  solutions  of  plumbic,  argentic,  and  mei*curous  salts, 
and  a  ^freen  precipitate  with  cupric  salts,  of  the  respective  isocyanates. 

103.  Amnionw  Cyanate. — When  cyanic  acid  vapour,  and  ammonia 
gas,  both  perfectly  dry,  are  brought  together  in  a  dry  balloon,  they 
unite  directly  and  form  a  snow-white  woolly-crystalline  powder,  which, 
in  fresh  aqueous  solution,  with  potassic  hydrate,  again  gives  ammonia 
and  potassic  cyanate,  but  on  evaporation  is  converted  into  the  isomeric 
ui'ea(§  130): 

(NH4).0-C=N         =         <^=^<NH2 

104.  Cyanuric  Add,  or  Tricyanic  Acid,  H3C3N3O3,  probably 
(C3N3)(OH)3. — Under  certain  conditions  cyanic  acid  polymerises 
into  the  triple  molecule.  When  a  solution  of  potassic  cyanate  is 
mixed  with  dilute  acetic  acid,  hydric  potassic  cyanurate  crystallises 
slowly  out : 

3KCN0  +  2(HO.C2H30)  =  KH.,C3N303  +  2(KO.C2H30), 

from  which  cyanuric  acid  can  be  prepared.  It  is  also  most  easily 
prepared  from  urea,  which  is  heateid  until  the  mass  at  first  melted 
solidifias.  Tliis  is  treated  with  cold  water  (Biuret,  §  136),  the  resi- 
due dissolved  in  potassic  hydrate,  and  the  cyanuric  acid  liberated  by 
means  of  hydrochloric  acid.  Urea,  obtained  as  shown  in  the  last 
paragraph,  from  a  molecule  of  ammonia  and  a  molecule  of  cyanic 
acid,  splits  up  so  that  three  molecules  of  it  give  up  three  molecules  of 
ammonia,  whilst  the  three  cyanic  acids  polymerise  to  cyanuric  acid : 

3CON2H4  =  3NH3  +  C3N3H3O3. 

Cyanuric  acid  crystallises  in  slightly  acid,  colourless  crystals,  with 
two  molecules  of  water,  which  are  given  off  at  100° ;  it  is  difficultly 
soluble  in  cold  water,  but  can  be  crystallised  from  boiling  water. 

With  metals  it,  like  orthophosphoric  acid,  forms  three  series  of 
salts : 

Diacid  salts MH2C3N3O3 

as  in  Monopotassic  cyanurate     KH2C3N3O3 

Monacid  salts M2HC3N3O3 

as  in  Dipotassic  cyanurate     .     K2HC3N3O3 

Normal  salts M3C3N3O3 

as  in  Triargentic  cjranurate  .     Ag3C3N303 

The  salts  of  cyanuric  add  are  without  exception  crystallisable ; 
thofie  of  the  alkali  metals  are  soluble  in  water,  those  of  the  heavy 
metals  difficultly  soluble  or  insoluble.  The  only  normal  salts  known 
are  those  of  lead  and  silver. 

By  heating  as  already  mentioned,  cyanuric  acid  is  converted  into 
cyanic  acid  : 

H3C3N3O8  =  3HCN0. 
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With  phosphoric  chloride    it  gives,    on   wanning,   solid  cyanogen 
chloride : 

C3N3O3H3  +  3PCI5  =  3POCI3  +  3HC1  +  C3N3CI3. 
This  last  reaction  agrees  hetter  with  the  structural  formula  : 

HO.C=N 


N— C.OH 


HO.C=N 
than  with  that  for  a  tri-isocyanic  add  : 

Oi=C— N— H 

f       I 

I       I 
0=zC— N— H 
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105.  The  alkaline  salts  of  sulphocyanic  acid  are  obtained  from  the 
alkaline  cyanides  by  direct  addition  of  sulphur,  and  the  combination 
takes  place  not  only  by  melting  the  ingredients,  but  even  by  boiling 
them  together  with  water. 

Sulphocyanic  acid  is  obtained  by  addition  of  strong  mineral  acids 
to  its  salts ;  if  an  excess  of  the  add  has  been  employed,  it  readily  splits 
up  into  hydrocyanic  add  and  persulphodicyanic  add. 

It  is  usually  prepared  by  decomposition  of  its  mercury  salt  by  dry 
hydrochloric  acid  or  hydric  sulphide  : 

Hg<|:2^  +  HaS  =  HgS  +  2H-^-C=N, 

as  a  colourless  liquid  of  pimgent  acetous  odour,  which  solidifies  at 
— 12*5°  to  hexagonal  plates.  At  higher  tempeititures  (towards  100^)  it 
boils,  the  greater  part  suffering  the  decomposition  above  mentioned. 
When  damp,  it  decomposes  into  ammonic  carbonate,  carbonic  disul- 
phide,  and  hydric  sulphide  : 

2(CN)SH  4-  SHgO  =  (NH4)2C03  +  CS^ 
or  (CN)SH  +  3H2O  =  (NH4)HC03  +  SHj, 

and  yields  carbonic  oxysulphide  by  warming  with  very  dilute  sul- 
phuric add : 

C<^jj  +  H2SO4  +  H2O  =  C<^  +  NH4.H.SO4. 

Its  aqueous  solution  has  a  strongly  acid  reaction,  and  can  only  be  kept, 
for  any  length  of  time,  at  low  temperatures.  It  coloura  ferric  salts 
blood-red,  from  formation  of  ferric  sulpho-cyanato,  and,  on  account  of 
the  intensity  of  this  colour,  is  used,  in  the  form  of  any  of  its  soluble 
salts,  to  detect  small  traces  of  iron. 

106.  Potassic  sulphocycmate  is  generally  prepared  by  heating  ft 
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mixture  of  forty-six  parts  of  diy  potassic  ferrocyanide,  seventeen  parts 
potassic  carbonate,  and  tliirty-two  parts  of  sulphur.  The  ignited  mass 
is  boiled  with  alcohol,  and  on  cooling,  the  salt  separates  in  long,  clear, 
striated  plates,  which  deliquesce  in  moist  air,  and  melt  on  gently 
heating. 

The  ready  formation  of  this  salt  is  used  as  a  means  of  detecting 
small  quantities  of  sulphur.  For  this  purpose,  the  substance  to  be 
tested  for  sulphur,  or  a  sulphide,  is  heated  with  some  dry  potassic 
cyanide,  the  mass,  when  cold,  extracted  with  water,  the  liquid  rendered 
slightly  acid  and  tested  with  ferric  chloride ;  a  blood-red  colour  shows 
the  presence  of  sulphur. 

Sodic  stdphocyanate  is  prepared  similarly  to  the  potassiiun  salt ; 
it  occurs  in  small  quantity  in  saliva,  and  can  be  detected  therein  by 
ferric  chloride. 

107.  Aramonic  avZphocyancUe  is  prepared  on  the  large  scale  by 
boiling  ammonic  cyanide  solution  (wash- water  from  gas-works)  with 
sulphur,  also  by  heating  carbonic  disulphide  with  alcoholic  ammonia : 

CSa  +  4NH3  =  NH4.SCN  +  (NH4)aS. 

It  is  also  easily  formed  by  mixing  pnissic  acid  with  yellow  ammonic 
sulphide,  and  evaporating  ofif  the  excess  of  the  latter  on  the  water 
bath: 

2HCN  -f  (NH4)aS3=  2  (NH4)  SON  +  H^S. 

This  last  reaction  affords  an  excellent  means  of  testing  for  small 
quantities  of  prussic  acid. 

Ammonic  sulphocyanate  forms  readily  soluble  crystals,  quite 
similar  to  those  of  the  potassic  salt,  which  melt  without  change  at 
147°,  and  at  170°  begin  to  suffer  an  analogous  decomposition  to  that 
which  occurs  to  ammonic  cyanate  at  ordinary  temperatures ;  namely,  it 
forms  sulphurea : 


a 


CSN  /NHa  C^N  .NHj 

\  =     C^NHj  \  =     Cf-NH 

ONH4  So  SNH4  Ss 

At  ordinary  temperatures  At  170®. 

in  aqueous  solution. 

108.  The  sulphocyanates  of  the  alkaline  earths,  and  of  the  metals 
of  the  zinc  and  iron  group,  are  soluble  in  water,  partly  also  in  alcohol. 
Ferric  sulphocyanate  is  an  uncr}'stallisable,  nearly  black,  deliquescent 
mass,  which  dissolves  in  water  and  alcohol  with  deep  blood-red  colour. 
The  sulphocyanates  of  copper,  lead,  silver,  and  mercury  are  obtained -by 
double  decomposition  as  insoluble  precipitates.  By  mixing  solutions 
of  the  mercury  nitrates  and  potassic  sulphocyanate,  the  respective 
mercury  salts  are  obtained  : 

Hg2(SCN)a  mercurous  sulphocyanate  as  amorphous 
and       Hg(SCN)a  mercuric  sulphocyanate  as  crystalline 

black  precipitates.  Both  bum  on  heating,  with  remarkable  swelling 
and  evolution  of  mercury  va{K)ur,  and  leave  behind  an  extraordinary 
volnminous  mass  (Pharaoh's  serpents)  of  crude  mellone  (§  122). 

109.  The  anhydride  of  sulphocyanic  acid:    cyanogen  suLphide^ 
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(01^)28  =  S<^ — vyp  is  obtained  in  clear  rhombic  tables,  by  acting  on 

argentic  sulphocjanate  with  an  ethereal  solution  of  cyanogen  iodide : 

Ag— S— C^N  +  I— C3Sr=AgI  +  S  (CN)j, 

and  evaporating  the  liquid.  It  smells  like  the  iodide,  sublimes  even 
at  30^  in  thin  leaves,  and  fuses  at  65^.  It  is  soluble,  unchanged  in 
alcohol,  ether,  and  carbonic  disulphide.  The  aqueous  solution  decom- 
poses readily  with  separation  of  a  yellow  j)owder.  With  potassic 
hydrate  solution,  cyanogen  sulphide  yields  potassic  cyanate  and  sulpho- 
cyanate  : 

(CN)2S  +  2K0H  =  KOCN  +  KSCN  +  H2O. 

110.  Isosulphocyanic  acid  is  still  unknown,  but  the  potassic  salt, 
SznCzziN — K,  is  obtained  by  warming  persulphocyanic  acid  (follow- 
ing paragraph)  with  alcoholic  potassic  hydrate,  in  the  form  of  granular 
crystals,  whose  aqueous  solution  is  not  r^dened  by  ferric  salts,  and 
yields  coloured  precipitates  with  cobalt,  nickel,  and  cadmium  salts. 
If  the  solution  of  the  potassic  salt  is  boiled  for  a  long  time,  or  if  the 
dry  salt  be  heated  to  melting,  it  is  convei'ted  into  the  ordinary  sulpho- 
cyauate.  Tbe  true  sulphocyanates  are  more  stable  at  high  tempera- 
tui*es  than  the  isosulphocyanates,  whilst  with  the  oxycyaiiates  exactly 
the  reverse  is  the  case,  probably  in  consequence  of  the  greater  affinity 
of  oxygen  for  carbon. 

111.  PeravZphodicyanic  acid  (persulphocyanic  acid),  C2N2H2S3, 
separates  slowly  in,  yellow  needles,  with  evolution  of  hydrocyanic  acid, 
when  a  saturated  solution  of  potassic  sulphocyanate  is  mixed  with  six 
times  its  bulk  of  concenti-ated  hydrochloric  acid  : 

3KSCN  +  3HC1  =  3KC1  +  HON  +  H2N2C2S3. 

The  precipitate  is  purified  by  solution  in  dilute  ammonia,  and  the 
ammonic  salt  so  foimed  decomposed  at  the  boiling  tem[)erature  by 
hydrochloiic  acid.  On  cooling  the  compound  crystallises  in  golden- 
yellow  needles,  difficultly  soluble  in  boiling  water.  With  the  alkalies 
persulphocyanic  acid  forms,  readily  soluble,  with  many  of  the  heavy 
metals,  insoluble  compounds ;  if,  for  instance,  a  hot  solution  of  the 
acid  be  mixed  with  plumbic  acetate,  the  lead  salt  is  precipitated  in  the 
form  of  a  deep  yellow  amorphous  powder,  of  the  formula  PbC2N2S3. 

As  the  potGtssium  salt  of  persulphocyanic  acid,  when  warmed  with 
alcoholic  potassic  hydrate,  yields  potassic  isosulphocyanate  (see  §  110), 
it  follows  most  probably  that  persulphocyanic  acid  must  also  be 
expressed  as  an  iso  compound  [(CS)NH]2S,  whose  structui-e  would 
be 

II 
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112.  PerstUphocyanogen,  or  pseudostUphocymiogenyC^WN^S 3.  By 
action  of  strong  nitric  acid,  chlorine,  or  bromine  on  a  boiling  solution 
of  potassic  sulphocyanate,  persulphocyanogen  separates  as  an  orange- 
yellow,  amorphous  powder,  insoluble  in  water,  alcohol,  or  ether. 
When  heated  in  a  stream  of  chlorine,  it  yields,  besides  mellone  and 
sulphur  chloride,  tricyanogen  chloride ;  by  heating  with  concentrated 
hydrochloric  acid,  it  gives  hydric  sulphide,  hydric  persulphide,  and 
cyanuric  add : 

C3H3N3S3  +  3H2O  =  H2S  +  H2S2  +  C3N3O3H3. 

According  to  both  reactions,  it  is  a  derivative  of  tricyanogen  of  the 
probable  formula  : 

(C3N3)^S      ^  tricyanogen  pemUphide  atdphhydrate. 


Nitrogen  Compounds  of  Cyanogen. 

113.  By  combination  of  the  carbon  of  true  cyanogen,  in  both  the 
single  and  polymerised  modifications,  with  the  nitrogen  of  ammonia 
residues,  there  results  the  amide  compounds  of  cyanogen,  of  which 
the  tricyanogen  compounds  are  especially  numei-ous. 

Single  Cyanami/le  Derivatives, 

114.  Cyana/midef  CN2H2  =     I  .    When  the  vapour  of  cya- 

nogen  chloride  is  passed  into  anhydrous  ether  saturated  with  ammonia, 
ammonic  chloride  immediately  separates,  and  the  ether  contains 
cyanamide  dissolved,  which  is  obtained  on  evaporation  in  colourless, 
i^adily  soluble  ciystals,  melting  at  40^.  If  the  solution  be  decom- 
posed by  ammonia  and  argentic  nitrate,  a  yellow  precipitate  of 
argentic  cyanamide,  (CN)NAg2,  is  obtained. 

From  a  solution  acidulatCMi  with  nitric  acid,  there  separates,  in  a 
short  time,  lea^like  crystals  of  urea  nitrate : 

NHa 


C^N  +   H2O    -f  HNO3  =     CO 

I  I 

NHj  NH2.HNO3 

By  the  action  of  aqueous  ammonia  cyanamide  polymerises  to  dicya/ruh 
diamide ;  by  heating  above  its  melting  point,  it  is  converted,  with 
great  evolution  of  heat,  into  rnelamiiie,  and  by  warming  with  ammonic 
chloride,  is  changed  into  g'iianadine  hydrocJdoraie  (§  127). 

C=N 


116.  Dicyanimide,  C2N3H  =  NH     .      By  long  treatment  of  a 


C=N 

Q 


82  CYANOGEN  COMPOUNDS. 

solution  of  true  potassic  cjanate  (§  102)  with  potasaic*  hydrate,  di- 
cyanimide  is  formed,  together  with  the  carbonate,  probably  according 
to  the  equation  : 

C=N 
C=N  I 

3  I  +  HaO  =C0  (0K)2  -f  KOH  +  NH 

OK  I 

It  has  not  yet  been  obtained  in  a  perfectly  pure  state,  its  existence 
being  inferrod  from  the  result  of  adding  argentic  nitrate  to  the  solution 
previously  neutralised  with  nitric  acid,  when  a  white  precipitate,  not 
affected  by  light,  is  obtained^  of  the  formula  (CN)2NAg. 


Dicyajiadiamid^, 

118.  Dicyanodiwniide,  or  param,  C2N4H4  =  (C2N2)  (NH2)2>  re- 
sults from  the  spontaneous  polymerisation  of  cyanamide  in  aqueous 
ammoniacal  solution.  It  is  also  formed  by  desulphurising  sulphurea 
by  mercuric  or  argentic  oxides  : 

NHa 

I  NH,— C=N 

2C=:S  +  2HgO  =  2HgS  +   2H2O  +  |       I 

I  N=C— NHj 

NHa 

It  crystallises  in  colourless  leaves,  which  melt  unchanged  at  205°, 
dissolve  pretty  easily  in  water  and  alcohol,  but  little  in  ether. 
With  argentic  nitrate,  dicyanodiamide  yields  a  compound 

C,N,H,AgNO,  =  (C.N,)<g?|Ag.ONO,. 

which  on  addition  of  ammonia  is  converted  into  argentic  dicyano- 
diamide 

If  a  solution  of  dicyanodiamide  be  evaporated  with  hydrochloric  acid, 
there  remain  large  tables  of  dicyanodiamidine  hydrochlorate : 

(CjNa)  (NH2)2  +  H2O  +  HCl  =  CjHeN^O.HCl, 

from  which  dicyanodiamidine  can  be  separated.  This  latter  is  readily 
soluble  in  water,  difficultly  in  alcohol,  has  strongly  basic  propei*ties, 
and  yields  well-crystallised  salts.  It  results  from  dicyanodiamide  by 
the  addition  of  the  elements  of  water,  probably  according  to  the 
equation  : 

NHa— C=N                                NHa— C=0     NH 
I      I              +H20=                I  11 

N=C— NHa  H— N C— NHj 

and  is  therefore  a  body  intermediate  between  urea  and  gnanidine 
<§  127). 
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By  boiling  with  baric  hydrate  dicyanodiamide  is  converted  into 
the  barium  salt  of  dicyanamic  acid : 

2(C,Nj)  (NHj)j  +  Ba  (OH)j  =  2NH3  +  (C^N^X^^* 

(CaNaXjjjj^ 
from  which  dxcyatiamic  aeul 

probably  also  a  pseudocyanogen  compound 

I       I 
HN— C=0 

is  obtained  by  careful  precipitation  of  the  barium  with  sulphuric  acid, 
and  evaporation  of  the  solution  in  long  spear-like  needles.  Its  potas- 
sic  salt  results  directly  by  heating  cyanamide  with  potassic  cyanate 
to60*»  : 

(CN)NH2  +  CNKO  =  C2N3H2KO. 

Amid  Derivatives  of  Trici/a^wgen, 

117.  Tria/anotriamide,  melaminey  (C3N3)  (NH2)3.  Melamine  is 
easily  obtained  by  direct  polymeriftation  of  cyanamide  on  heating 
(§  113).  It  is  most  simply  obtained  by  strong  heating  of  potassic 
sulphocyanate  with  ammonic  chloiide,  or  of  ammonic  sulphocyanate ; 
on  extracting  the  residue  with  water,  melam  (Cg  HgNu)  remains  as 
an  insoluble  white  powder,  which,  on  boiling  with  potassic  hydrate, 
splits  up  into  melamine,  and  the  potassic  salt  of  ammeline : 

CfiHgNn  +  KOH  =  C3NeHe  +  CaH.KNjO. 

By  cooling  melamine  separates  out,  whilst  potassic  ammelide  remains 
diissolved. 

Melamine  crystallises  in  rhombic  octahedra,  wliich  dissolve  with 
difficulty  in  cold  water,  more  easily  in  boiling  water,  and  are  insoluble 
in  alcohol  or  ether.  It  unites  with  one  equivalent  of  acid  to  difficultly 
soluble,  well-crystallised  salts  of  acid  reaction,  e.g. 

Melamine  nitrate,  (C^N z)x-^^2  >  forms  fine  white  silky 

^NHa.O.NOa 

needles;  with  argentic  nitrate  it  gives  a  crystalline  precipitate  of 

aigento-melamine  nitrate,  (C3N3)^NH2 

^NHaAg.O.NOi 

.NH2 

118.  Ammeline,  {Ci'N^)^lHB.2y  or  tricijanodiamide  hydrate,  cy- 

anurdiamic  a^^id,  results,  together  with  ammonia,  from  the  action  of 

alkalies  on  melamine : 

02 
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X 


NH2  yOK 

NHa  +  KOH  :=  NH3  4-  (C8N3)^NH2 


2 
or,  by  boiling  melamine  with  aqueous  adds : 

/NH2  .OH 

(C3N3)f-NH2  +    2HC1  +  H2O  =  NH4CI  +  (C3N3)^NH2 

^NH,  ^NHa-HCl 

It  is  at  the  same  time  both  an  acid  hydrate  and  a  basic  amide.  As 
potassic  salt  it  is  obtained  from  melam  together  with  melamine 
(§  117).  From  the  solutions  of  its  alkaline  salts,  it  is  obtained  by 
careful  addition  of  acid,  or,  from  its  compounds  with  acids  by  neutra- 
lisation with  alkali,  or  large  addition  of  water,  as  a  white  crystalline 
powder,  insoluble  in  water,  alcohol,  and  ether.  By  evaporation  of  its 
solution  in  adds,  crystalline  salts  are  obtained,  e.g. 

>0H 

Ammeline  nitrate,  (C3N3)^NHa  ,  in  long  four-sided  prisms, 

\NH3.0.N02 

decomposed  by  water,  with  separation  of  ammeline. 

.OH   . 
119.  Ammdide,  {C^^)^QiK    ,  tricycmo-amide  di/i9/drate,  ci/anur- 

^NHj 
tnonaminie  acid,  or  melanurenic  acid,  is  obtained  by  long-continued 
boiling  of  ammeline  acid  salts  with  free  acids,  or  of  ammeline  with 
alkalies: 

.OH  .OH 

(C3N3)^NH2  +  HjO  +  HCl  =  (C3N3)^OH    +  NH4CI 
^NHa  ^NHa 

or 

.OH  .OH 

(C3N3)^NH2  +  KOH  =  (C3N3)^OK    +  NH3, 
^NHa  ^NHj 

and  is  also  obtained  from  urea  by  action  of  higher  temperatures. 

It  is  precipitated  by  acids  from  its  alkaline  salts,  as  a  white  pow- 
der insoluble  in  water,  alcohol,  and  ether ;  it  is  somewhat  soluble  in 
ammoniacal  liquids,  and  readily  in  potassic  hydrate  and  concentrated 
acids.  The  acid  and  alkali  salts  of  ammelide  are  decomposed  by  water, 
and  are  therefore  not  obtainable  in  the  pure  and  crystallised  state ; 
nevertheless  a  silver  derivative  has  been  obtained  by  addition  of 
argentic  nitrate  to  an  ammoniacal  ammelide  solution,  as  a  white 
precipitate  of  the  formula  C3N4H3Ag02.     Whether  this  should  be 

/OAg 
formulated  as  a  silver   salt,  (C3N3)^-OH  ,  or  as  an  argento-amide, 

^NHa 
.OH 
(C3N3)^-OH        ,  has  not  yet  been  determined.   By  concentrated  sul- 
^NHAg 

phuric  acid,  or  by  boiling  with  strong  solution  of  potassic  hydi-ato, 
ammelide  is  converted  into  a  cyaniinite : 
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.OH  .OH 

(C3N3)^OH     +    2K0H  =  (C3N3)^K  +  NH3  +  OH,. 
^NHg  X)K 

Cyanuric  acid,  therefore,  is  obtainable  both  from  ammelide  as  above, 
and  from  melamine  by  fusion  with  potussic  hydrate. 

120.  Trici/anchlorodiamide,  or  chlorcyanuramide,  C3N5H4CI   or 

(CaNjl^NH],  results  as  a  white,  very  difficultly  soluble,  crystalline 

powder,  by  action  of  ammonia  on  solid  cyanogen  chloride : 
(€3X3)013  +  4NH3  =2NH4C1  +  (C3N,CI(NH,)j. 

Heated  with  dUute  potassic  hydrate  it  yields  potasaic  chloride  and 
ammeline : 

.NHj  ,0H 

(C3N3)4nH,  +  KOH  =  KCl  +  (C3N,)^NH, 
^01  \NHj 

(C3N3)^NH^ 

121.  Mdam^  CgHgNii  =    yNH   ,  the  diamide-imide  of  tricya- 

nogen,  is  formed,  as  abready  mentioned,  by  heating  ammonic  sulpbo- 
cyanate  together  with  hydnc  sulphide  and  ammonic  sulphide  : 

6CNS.NH4  =  5HaS  -f  NH4.SH  +  CfiHgNn, 

as  a  white  powder  insoluble  in  cold  water,  easily  soluble  in  boiling 
water,  from  which  it  separates  on  cooling  as  a  curdy  precipitate. 

By  prolonged  boiling  with  potassic  hydrate  it  is  decomposed  into 
melamine  and  potassic  ammelide  : 

•NH  y^Hg 


2 


^NH, 


122.  MeUone  Compotmds. — On  ignition  of  ammonic  or  mercorie 
sulphocyanates,  p^phodicyanic  acid,  persulphocyanogen,  melam, 
melamine,  or  ammeline,  there  is  left  a  yellow  powder— meZ^OTi^,  consist- 
ing essentially  of  a  body  of  the  composition  C9N12 ;  probably 


as  it  is  slowly  converted  into  cyanuric  acid  by  boiling  nitric  acid. 

If  it  be  fused  with  potassic  sulphocyanate,  tripot^issic  meUonide 
results,  which  is  derived  from  hydromellonic  acid. 

PoioMic  mellonide,  C9N13K3,  is  also  formed  by  ignition  of  potassic 
sulphocyanate : 

13KSCN  =  C9N,3K3  +  4CSa  +  SK^S, 


NC3N3)  = 
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but  best  if  to  the  latter  salt,  when  fused  (seven  parts),  fused  antimonious 
chloride  (three  ports)  be  slowly  added  in  small  portions,  and  at  last 
the  temperatiu'e  raised  sufficiently  to  fuse  the  resulting  antimonious 
sulphide.  When  cold  the  mass  is  extracted  with  boiling  water,  any 
potassic  sulphide  removed  by  plumbic  hydrate,  and  the  liquid  boiled 
and  filtered ;  on  cooling  tripotassic  mellonide  crystallises  in  fine  silky 
needles,  which  dissolve  pretty  easily  in  warm  water,  but  not  at  all  in 
alcohol  or  ether. 

When  the  concentrated  solution  of  this  salt  is  mixed  with  acetic 
acid,  dipotassic  hydric  mellonide  crystallises  out  in  glittering  clino- 
rhombic  needles  : 

CgNjaKj  +  HO.C2H3O  =  C9N13HK2  +  KO.C2H3O, 

whilst  hydrochloric  acid  gives,  with  the  original  solution,  a  white 
precipitate  of  dihydric  potassic  mellonide,  C9N13H2K. 

The  soluble  potassic  compound  gives  precipitates  with  the  salts  of 
heavy  metals,  e.g.  argentic  mellonide  as  a  white  precipitate,  which, 
suspended  in  water  and  decomposed  with  hydric  sulphide,  yields 
argentic  sulphide  and  hydromellone : 

2CoN,3Ag3  +  SHjS  =  SAgaS  +  2C9N,3H3. 

Jlydromelloiiey  or  hydromeUonic  acid  : 

.(C3N3)  =  NH 
N^(C.,N,)  =  NH 

NH 

is  readily  soluble  in  water,  reacts  strongly  acid,  and  decomposes  on 
heating  into  ammonia  and  mellone  : 

^9^13^3  =  NH3  +  C9Ni2< 

123.  CyameluHc  acidy  C6N703n3.  By  boiling  tripotassic  mellonide 
with  concentrated  solution  of  potassic  hydrate,  ammonia  is  evolved, 
and  ammelide  and  potassic  cyamelurate  are  formed  : 

C9N,3K3  +  KOH  +  m,0  =  CeN^OaKg  +  C3H3KN4O2  +  2NH2 

Potassic  cyamelurate.        Potassic  ammelide. 

On  cooling,  potassic  cyamelurate  separates  out  in  needle-shaped 
crystals  from  its  solution ;  strong  acids  (mineral)  precipitate  cyame- 
luric  cund  as  a  white  crystalline  precipitate,  little  soluble  in  cold, 
more  readily  in  boiling  water. 

Oyameluric  acid  has,  as  a  tricyanogen  derivative,  the  structural 
formula  : 

.OH 
(C3N3)fOH 
^N 

(C3N3)/oH 

It  forms  with  metals  tribasic  salts,  of  which  only  those  of  the 
alkalies  are  soluble  in  water,  and  is  converted  into  cyanuric  acid  by 
heating  with  strong  mineral  acids : 

yOK 

(C3N3)A)H  yOn 

^N  +  3H2O  +  HNO3  =  NH4NO3  +  2(C3N3)^H 

(C3N3)/oH  ^^ 
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Ctanooen  and  Paracyanoobn. 

124.  From  its  compounds  with  those  metals  whose  oxides  decom- 
pose on  ignition  with  evolution  of  oxygen,  cyanogen  is  split  off  on 
heating  and  is  obtained  as  cyanogen  gas  and  paracyanogen.  Both 
bodies  contain  nitrogen  and  carbon  only,  and  that  in  the  same  ratio ; 
they  consist  not  of  single  cyanogen  groups,  but  of  several  such  united 
wilJi  one  another. 

C=N 

Cycmogen^  or  dicf/anogen,  C2N2  ^=  |  ,  is  most  readily  obtained 

by  heating  mercuric  cyanide  in  a  retort  of  difficultly  fusible  glass : 

^«<\c^]  =  ^«  +  (^^)*' 

when  it  is  evolved,  together  with  easily  condensible  mercury  vapour. 
A  spongy  black  mass  of  paracyanogen  is  left  in  the  decomposition 
apparatus. 

Cyanogen  is  a  colourless  gas,  has  the  density  1*864,  and  condenses 
at  0^  under  a  pressure  of  1^  atmosphere  to  a  clear  liquid  of  specific 
gravity  *866,  which  boils  at  —  21°,  and  solidifies  to  a  striated  ice-like 
mass  below  —  34°.  The  odour  of  the  gas  is  peculiar,  and  similar  to 
that  of  prussic  acid.  Lighted  in  air,  it  bums  with  a  blue,  peach-edged 
flame  to  carbonic  anhydride  and  nitrogen  : 

C2N2  +  2O2  =  2CO2  +  N2. 

Water  absorbs  four  to  five  times  its  volume,  alcohol  twenty-two 
times  its  volume  of  the  gas.  These  solutions  become  dark-coloured 
on  long  standing,  dark-brown  flocks  separating,  which  ai*e  soluble  in 
alkalies  and  reprecipitated  by  acids.  In  the  formation  of  this  decom- 
position product,  the  elements  of  water  take  part,  as  oxygen  and  hy- 
drogen are  contained  in  it  as  well  as  carbon  and  nitrogen.  The  namo 
azulmie  acid  has  been  given  to  it.  There  is  formed  at  the  same  time 
in  the  solution  ammonic  oxalate,  carbonate  and  formate,  and  urea. 
The  formation  of  the  ammonic  formate  is  due  to  a  decomposition  into 
i^ranic  and  prussic  acids : 

CN        H 

I      +     I      =CNH  +  CNOH, 
CN         OH 

which  then  partly  further  decompose : 

H  H 


k 


-=iN  -h  2H2O  =  CO    ammonic  formate, 


Ai 


>NH4 
CNOH  -h  H2O  =  COa  +  NH3. 

The  ammonia  formed  then  combines  with  a  part  of  the  cyanic  acid 
to  form  urea  (§  130),  but  otherwise  also  with  water  to  convert  still 
unaltered  dicyanogen  into  azulmie  acid. 
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Azulmic  acid  is  formed  in  large  quantities  together  with  amnionic 
oxalate  bj  action  of  cyanogen  on  aqueous  ammonia. 

On  the  other  hand,  by  bringing  together  equal  volumes  of  dry 
ammonia  and  cyanogen  gases,  they  combine  to  form  a  black  amor- 
phous powder  of  the  formula  C^'Nf^HQf  hydrazvlmine : 

2(C2N2)  +  2NH3  =  C4NeHe, 
which  is  rapidly  converted  into  azulmic  acid  by  action  of  water  : 

C4N6H6  +  H2O  =  C4N5H5O  +  NH,, 
the  direct  formation  of  the  latter  being  represented  by 

2C2N2  +  H2O  +  NHs  =  C4N5H5O. 

If  an  aqueous  solution  of  cyanogen  be  mixed  with  some  acetic 
aldehyde,  it  is  completely  converted  into  oxamide  : 

NH2 


C=N  CO 

C=N  CO 


NH 


2 


whilst  in   presence   of  strong  mineral  acids   it   is   converted  into 
oxalic  acid : 


C=N  CO.OH 

I  +  4H2O  +  2HC1  =  I 

C=N  CO.OH 


+  4H2O  +  2HC1  =  I  +  2NH4CI. 

CO.^ 


This  transformation  shows  most  strikingly  that  the  carbon  atoms 
in  dicyanogen  are  joined  together,  and  also  that  oxalic  add  is  a  true 
dicarbonide. 

There  are  indeed  also  other  reactions  known,  by  which  the  carbon 
atoms  of  dicyanogen  are  disunited,  with  formation  of  single  cyanogen 
compoimds ;  for  instance,  on  passing  dicyanogen  through  potassic 
hydrate,  there  is  formed,  besides  potassic  azulmate,  considerable 
quantities  of  potassic  cyanide  and  cyanate  : 

C2N2  +  2K0H  =  KCN  H-  KCNO  +  OH^  ; 

on  passing  it  over  ignited  potassic  carbonate,  potassic  cyana£d  and 
isocyanate  are  formed : 

C=N        KOv  C=N 

I  +  >C=0=    I  +0=C=N— K  +  COa; 

C^N        KO^  K 


whilst  potassium  heated  in  cyanogen  bums  and  forms  potassic  cyanide : 

(CN)a  +  Kj  =  2KCN. 

125.  By  the  trivalent  combination  of  the  nitrogen  to  the  carbon 
atoms,  cyanogen  appears  as  a  double  ammonia  molecule,  whose  six 
hydrogen  atoms  are  replaced  by  the  hexavalent  dicarbon  group,  C2. 
In  consequence  of  this  method  of  saturation  of  the  nitrogen  atotos, 
the  cyanogen  molecule  is  able  (like  hydrocyanic  acid)  to  form  com- 
poimds, which  are  analogous  in  many  ways  to  ammonia  derivatives. 
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Especially  noticeable  amongst  these  are  the  compounds  with  hydric 
sulphide. 

When  equal  volumes  of  cyanogen  and  hydric  sulphide  are  mixed 
together  in  glass  vessels,  the  sides  of  the  latter  are  soon  covered  with 
yellow  crystals  of  cyanogen  monosulphhydrate,  C2N2H2S  : 

H  /H 

I  +S=|         >S 

C=N       I       C=N< 

H  ^H 

which  correspond  to  ammonic  sulphide  ^S 

By  heating  their  aqueous  solution  with  silver  salts,  the  compound 
is  decomposed  with  evolution  of  cyanogen  and  precipitation  of  argen- 
tic sulphide : 

I  ■^S  +  2AgO.N02  =    |_     +  S<^  +  2H0.no.,. 

^H 

On  passing  cyanogen  into  a  saturated  solution  of  sulphuretted 
hydrogen  until  there  is  present  one  voliune  of  the  former  to  every 
two  volumes  of  the  latter,  red  needles  of  cyanogen  disulphhydrate 
separate : 

C=N  C=N<^^ 

I  +  2H2S^  I  Q     Tj 

C=N  C=N<|-^ 

which  corresponds  to  a  doubled  ammonic  sulphhydrate.  They  are 
difficultly  soluble  in  cold  water,  more  easily  in  alcohol  and  ether. 
The  aqueous  solution  gives  coloured  precipitates  with  lead  and  silver 
salts: 

H  H 

C=N— S— H  C=N— S— Ag 

I  +  2AgN03=   I  +2HNO3 

C=N-  S— H  C=N— S— Ag 

\  \ 

H  H 


H  H 

C=N— S— H  C^N— Sv 

I  +  Pb(N03)2  =1  > 

C^N— S-H  C^N— S/ 

\  \ 

H  H 

which  yield  the  metallic  sulphides  on  ignition. 
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126.  Paracytmogen,  Gxl^x,  is,  as  already  mentioned,  a  porous 
blackish  substance  left  behind  in  the  preparation  of  cyanogen  gas  from 
mercuric  cyanide.  It  contains  carbon  and  nitrogen  only,  and  is  poly- 
meric to  cyanogen.  By  strong  ignition  it  is  converted  into  cyano- 
gen ;  by  action  of  potassic  hydrate  it  yields  true  potassic  cyanate. 

GUANIDINE,   CN3H5. 

127.  Gtumidine  is  a  body  genetically  related  to  the  cyanogen 
amides,  as  it  contains  a  carbon  atom  whose  four  bonds  are  saturated 
by  nitrogen,  being  united  to  three  atoms  of  the  latter. 

Guanidine  is  carbondiamide-imide : 


^  NH 


C^NH 


It  was  originally  prepared  by  the  decomposition  of  guanine  (see 
this)  by  chlorine,  but  later  also  obtained  in  many  other  ways.  It  is 
obtained  from  chloropicrin  and  orthocarbonic  ether  by  action  of 
ammonia,  and  by  heating  urea  or  biuret  (§  137)  in  an  atmosphere  of 
hydrochloric  acid. 

It  is  further  obtained  by  action  of  an  alcoholic  cyanamide  solu- 
tion upon  ammonic  chloride  at  a  temperature  of  100°.  According  to 
the  equation : 

^  ^^  \NH3Cl 

the  hydrochloride  is  first  formed,  soluble  in  water  and  alcohol,  from 
which  guanidine  is  separated  by  aigentic  oxide. 

It  is  also  easily  obtained  as  the  hydrodide  by  heating  cyanogen 
iodide  with  alcoholic  ammonia  to  100°  : 

\     +  2NH3  =  c4nh 

I  \NH3I 

It  forms  colourless  crystals,  readily  soluble  in  water  and  alcohol, 
of  strong  alkaline  taste.  It  absorbs  carbonic  anhydride  from  the  air, 
and  forms  therewith  a  salt  crystallising  in  beautiful  quadratic  prisms, 
(CN3H5)2H2C03.  Gucmidine  nitrcUe,  CN3H5.HNO3,  crystallises  in 
colourless  prisms,  rather  difficultly  soluble  in  water.  The  hydro- 
chloride yields  with  platinic  chloride  yellowish-red  prisms,  of  the 
formula  2CN3H6Cl,PtCl4,  easily  soluble  in  water,  and  hydrated 
alcohol,  difficultly  soluble  in  anhydrous  alcohol ;  with  auric  chloride 
beautiful  long,  deep-yellow  needles,  CN3H6CI,  AUOI3,  rather  difficultly 
soluble  in  water. 

By  heating  with  concentrated  alkaline  solutions,  it  is  resolved 
into  ammonia  and  carbonic  acid  : 

C^NHa  +  2K0H  +  HaO  =  cA)K  +  SNH,. 
\NH2  N)K 
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Similarly  by  action  of  strong  acids  under  the  influence  of  high  tem- 
peratures : 

(CN3H5)aHaS04  +  2H2SO4  +  iKfi  =  3(NH4)aS04  +  2C0a. 

DERIVATIVES    OF    CARBONIC    ACID    AND    CARBONIC 

DISULPHIDE. 

128.  Carbon  monoxide  is  the  common  radical  of  the  carbonic 
acid  derivatives,  and,  as  such,  is  termed  carhoxyl ;  it  forms  a  true  un- 
saturated compound :  C=0 

.    \ 

which  is  capable  of  further  direct  combination  with  other  elements. 

By  union  with  oxygen  it  forms  carbonic  anhydride,  C<^  ;    it    unites 

with  nascent  chlorine,  or  with  chlorine  gas  in  sunL'ght,  to  form  car- 
bonic oxychloride,  or  phosgene  gas  : 


ce^c 


N)i 

The  latter  compound,  formerly  only  known  in  the  gaseous  state,  has 
lately  been  obtained,  by  sufficient  reduction  of  temperature,  as  a 
colourless  liquid  of  specific  gravity  1  '432,  and  boiling  at  -h  8°.  The 
liquid  is  most  readily  obtained  when  chloroform  ^two  parts)  is  heated 
with  a  mixture  of  potassic  dichromate  (five  parts)  and  sulphuric  acid 
(forty  parts),  and  the  evolved  gases  conducted  through  strongly 
cooled  tubes. 

The  properties  and  modes  of  preparation  of  the  oxides  and  sul- 
phides of  carbon  and  of  the  metallic  carbonates  will  not  be  referred 
to  here,  being  fully  described  in  works  on  inorganic  chemistry.  The 
amide  derivatives  of  carboxyl  require  considerable  notice. 

129.  Carbamic  Acid, — The  white  powder,  obtained  by  mixing 
ammonia  with  carbonic  anhydride,  in  absence  of  water,  formerly 
r^arded  as  anhydrous  ammonic  carbonate,  is  the  ammonic  salt  of 
carbamic  acid: 

C=0  +  NH,  NHa 

O       NH3  =  C=^ 


i 


KNH4 

It  is  usually  prepared  by  passing  the  two  dry  gases  into  absolute 
alcohol,  from  which  it  separates  slowly  in  thin  leafy  crystals.  It 
sublimes  below  100°,  and  unites  with  water  to  form  ammonic  car- 
bonate: 

CO.NHj.ONH4  +  H2O  =  C0(0NH4)j; 

from  which  it  can  in  part  be  again  obtained  by  sublimation  : 

CO(ONH4)2  =  Hfi  +  CO.NH2.ONH4 ; 

80  that  the  ammonic  carbonate  of  commerce  invariably  contains  small 
quautitieB  of  this  salt. 
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Carbamic  acid,  NH2    cannot  be  obtained  from  its  salts  by  action 


Ao 


OH, 

of  acids,  carbonic  anhydride  and  ammonia  being  formed.  It  is  more 
stable  in  its  ethers,  Le.  those  compounds  which  contain  an  alcohol 
residue,  instead  of  the  hydroxyl -hydrogen  atoms,  and  which  are  termed 
urethcmes;  they  will  be  found  described  imder  the  respective  alcohols. 

Garhoxylimidy  ^^^kt tt  :  see  pseudocyanic  add  (§  100). 

Urea. 

130.    Garhoxyldiam,ine,    carbamide^    CH4N2O    =     C=0.   Urea 

I 
NHj 

occurs  in  the  urine  of  all  animals,  more  especially  of  the  mammalia, 
and  amongst  these  in  largest  quantity  in  that  of  camivorae;  also 
in  other  animal  fluids,  as  in  blood,  the  amniotic  liquid,  and  the 
vitreous  humour  of  the  eyes  of  mammalia,  <S^.,  but  normally  in  only 
small  quantity.  In  animal  bodies,  it  results  from  the  retrograde 
metamorphosis  of  nitrogenous  tissue,  and  also  from  the  direct  decom- 
position of  nitrogenous  food  without  previous  conversion  into  animal 
tissue.  It  is  separated  from  the  blood  by  the  kidneys,  and  leaves  the 
body  in  the  urine.  On  interruption  of  the  secretion  by  the  kidneys, 
its  quantity  increases  in  the  blood  and  other  animal  fluids. 

It  is  prepared  synthetically  (together  with  other  bodies)  by  action 
of  ammonia  upon  carbonic  ozychloride : 

COCl,  +  4NH3  =  2NH4CI  +  CO(NH2)2, 

on  carbonic  ethers  and  urethanes.  It  is  further  formed  from  cyana- 
mide  on  treatment  with  dilute  nitric  acid  (§  114),  most  easily  by  the 
transformation  of  ammonic  cyanate  (§  103). 

This  last  method  of  preparation  was  discovered  by  Wohler  in 
1828,  and  is  historically  important,  as  the  first  instance  of  an  un- 
doubtedly organic  body  being  obtained  by  artificial  means. 

Instead  of  preparing  ammonic  cyanate  from  cyanic  add  and 
ammonia  gas,  and  then  transforming  it  into  urea  by  repeated  solution 
in  water  and  evaporation,  the  aqueous  solution  of  crude  potassic 
pseudocyanate  is  decomposed  by  an  equivalent  quantity  of  ammonic 
sulphate : 

2C^_K  +  (NH,),SO,  =  2C<^_jjg^+  K,SO,. 

whereby,  instead  of  ammonic  pseudocyanate,  urea  is  obtained  : 


<^<N-NH,         =  \NH,' 
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The  liquid  is  then  concentrated  on  the  water  bath,  by  which  means  the 
greater  part  of  the  potassic  sulphate  separates,  and  can  be  filtered  off ; 
the  moliier  liquor  is  then  evaporated  to  dr3mess,  and  the  urea  extracted 
from  the  residue  by  absolute  alcohol,  potassic  sulphate  being  com- 
pletely insoluble. 

Urea  can  be  obtained  with  equal  ease  from  human  urine.  The 
urine  is  evaporated  on  the  water  bath  to  a  syrupy  consistence,  then 
cooled  with  slow  addition  of  excess  of  nitric  acid,  whereupon  the 
whole  solidifies  to  a  pasty  mass  of  urea  nitrate ;  this  is  freed  from  the 
mother  liquor  by  draining  and  pressure  between  porous  plates,  and  re- 
crystallised  from  lukewarm  water.  It  is  then  usually  treated  with 
animal  charcoal,  to  remove  colouring  matters  as  far  as  {^bssible.  The 
purified  nitrate  is  then  dissolved  in  warm  water,  decomposed  with 
baric  carbonate : 

2CO(NH2)2.HN03  +  BaCOa  =  Ba(N08)2  +  COa 
+  H2O  -f  2CO(NH2)2, 

the  whole  evaporated  to  dryness  on  the  water  bath,  and  the  free  urea 
dissolved  by  strong  })oiling  alcohol,  in  which  baric  nitrate  is  in- 
soluble. 

131.  Urea  crystallises  in  long  colourless  prisms,  of  neutral  re- 
action, destitute  of  odour,  and  of  cooling  nitre-like  taste.  It  melts  at 
130°  and  decomposes  at  a  slightly  higher  temperature,  with  evolution 
of  ammonia. 

It  is  extremely  soluble  in  water,  and  in  boiling  absolute  alcohol. 
It  requires  for  solution  five  times  its  weight  of  cold  alcohol,  and  is 
nearly  completely  insoluble  in  ether. 

132.  Compounds  of  Urea  with  Adda, — Urea  behaves  towards  acids 
like  a  weak  basic  amide,  i.e.  it  forms  salts  with  them,  similar  to  those 
of  ammonia ;  although  derived  from  two  molecules  of  the  latter,  it 
however  only  combines  with  one  molecule  of  a  monobasic  acid.  The 
amide  derivatives  of  organic  acids,  to  be  described  further  on,  in  which 
the  carboxyl  group  is  united  with  a  single  amide  group,  show  little  or 
no  disposition  to  unite  with  acids,  so  that  the  electro-negative  radical 
CO  greatly  hinders  or  entirely  removes  the  disposition  of  the  nitrogen 
to  combine  with  acids. 

A  similar  influence  is  exerted  by  carboxyl  on  the  two  amide 
groups  combined  with  it  in  urea,  so  much  so  that  the  union  of  one 
amide  group  with  an  acid  is  sufficient  to  destroy  the  basic  character 
of  the  whole  molecule. 

All  salts  of  urea  show  an  acid  reaction,  and  a  strong  tendency  to 
decompose  in  aqueous  solution  ;  there  results  from  their  decomposition 
ammonic  salts,  carbonic  anhydride,  and  urea  : 

NH2  NHa 


2C0      +  H2O  =  2NH4CI -f  CO2 -f    C=0 

I  I 

Nllaa  NH2 

In  preparing  urea  salts,  therefore,  the  presence  of  water  must 
either  'he  entirely  avoided,  or  at  least  any  warming  therewith,  as  this 
materially  assiBts  the  decomposition.  Of  these  salts  the  following  are 
noteworthy : 
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NH,, 


Urea  hydrochloride^   CON2H4.HCI  =  CO         ,  obtained  by  ac- 

NH3CI 

tion  of  dry  hydrochloric  acid  gas  on  urea,  with  considerable  evolution 
of  heat,  as  a  thick  liquid,  which  forms  a  crystalline  mass  on  cooling ;  it 
is  extremely  soluble  in  water,  and  deliquesces  in  moist  air  with  very 
ready  decomposition. 

NH2 


Urea  nitrate,  CON2H4.HNO3  =    CO  ,   separates   from 

NH3.O.NO2 

urea  solutions  on  addition  of  nitric  acid,  in  white  masses,  which  are 
pretty  soluble  in  water,  but  very  difficultly  soluble  in  dilute  nitric 
acid.  On  heating  to  150°  it  decomposes  suddenly  with  violent  evolu- 
tion of  gas. 

Urea  oxalate,  2CON2H4,H2C204,2H20 

NH2  NH2 


CO  CO,2HoO 


A 


CO,! 


Ha.O.CaOa-O.NHa 

is  precipitated,  by  addition  of  oxalic  add  to  moderately  concen- 
trated solutions  of  urea,  in  long  thin  leaves,  which  are  difficultly 
soluble  in  cold  water. 

133.  Compounds  of  Urea  with  Metallic  Oxides, — Urea  forms  crys- 
talline compounds  with  the  oxides  of  mercury  and  silver.  Both 
metals  very  easily  replace  a  portion  of  the  hydrogen  in  ammonia  by 
action  of  their  oxides  upon  it,  and  their  behaviour  with  organic 
amide  compounds  is  similar ;  it  is  therefore  most  probable  that  in  the 
above-mentioned  compounds    the  metal   is  in  direct    union    with 

nitrogen.  ...  .  .       .  .        , 

Urea  mercuric  oxide  is  formed  directly  by  digesting  a  solution  of 
urea  with  mercuric  oxide,  as  a  white  crystalline  powder  of  the  formula 
CON2H4,HgO.  Another  compound,  2CON2H4,3HgO,  results,  by 
mixing  an  alkaline  solution  of  urea  with  mercuric  chloride,  as  a 
gelatinous  precipitate,  which  becomes  granular  in  hot  water,  whilst 
mercuric  nitrate,  similarly  heated,  gives  a  body  of  the  formula 
CON2H4,2HgO.  The  constitution  of  these  compounds  may  be 
expressed  by  the  structural  formulse 

NH,  NHo  NH,  NH, 


0=0 


C=0  C=0  Cz=0 


OH  OH  O 


Hg  I      Hg— O— Hg 

H— N Hg N— H       ^     ^"^Hg/^^ 


H  OH 
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Urea  argentic  oxide,  2GON2H4,3Ag20,  separates  as  a  granular 
grey  powder;  when  freshly  precipitated  argentic  oxide  is  left  for  some 
time  at  40^-50^  in  contact  with  urea  solution. 

184.  Compounds  of  Urea  with  Salts, — The  methods  of  combination 
occurring  in  the  compounds  formed  by  union  of  urea  with  acids  and 
with  oxides  respectively,  both  occur  in  its  union  with  many  salts. 
These  bodies  are  obtained  by  evaporating  the  mixed  solutions  of  their 
components. 

NHa 


Urea  sodic   chloride,    CON2H4,NaCl,H20,  probably   COjHaO 

I 
NNaHaCa 

separates  in  large  coloured  crystals  on  evaporating  human  urine,  in 
colourless  shining  prisms  on  adding  the  requisite  amount  of  common 
salt  to  pure  urea  solution.  The  presence  of  a  small  quantity  of  this 
compound  in  a  solution  of  a  large  quantity  of  common  salt,  causes 
this  latter  to  separate  in  octahedra  on  evaporation. 

NHa 

I 
CO 


/4g 

Urea  argetUo^itrcUe,    00^2114, AgN03  =  Ne-H  ,  separates,  on 

O.NO2 

mixing  concentrated  solutions  of  its  components,  in  large  rhombic 
prisms. 

Urea  unites  in  a  similar  manner  with  the  nitrates  of  sodium,  cal- 
cium, magnesium,  &c. 

On  mixing  urea  solution  with  mercuric  nitrate,  there  results  a 
snow-white  flocculent  precipitate  of  vaiying  composition,  according 
to  the  concentration  of  the  mixed  liquids,  d^.  These  precipitates 
contain  urea,  nitric  acid,  and  the  elements  of  mercuric  oxide,  the 
latter  being  in  excess.  With  very  dilute  solutions,  the  compound 
precipitated  has  the  empirical  formula  CONaH4,2HgO,HN03  ; 

yOH 


z,  ^-^ 


probably  C=0  >0 

JM_jj 


\s 


N02 


185.  Estimation  of  Urea  by  Titration. — Liebig  devised  a  method 
for  the  estimatiom  of  urea,  based  on  the  formation  of  the  above-men- 
tioned compound,  which,  whilst  sufficiently  accurate  for  most  pur- 
poses, has  the  advantages  of  quickness  and  simplicity. 

A  solution  of  mercuric  nitrate  is  prepared  which  contains  71*48 
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grams  of  mercury  per  litre.  One  c.c.  of  this  solution  is  sufficient  to 
precipitate  '01  gram  of  urea  from  a  two  per  cent,  solution.  In  the 
reaction  that  ensues  on  adding  the  standard  mercury  solution  to  the 
urea,  nitric  acid  is  set  free,  and  us  the  precipitate  is  soluble  to  a 
considerable  extent  in  this,  the  end  of  the  reaction  cannot  be  arrived 
at  by  adding  the  mercury  solution  until  no  more  precipitate  is  formed. 
By  taking  small  portions  of  the  liquid  out  from  time  to  time  during 
the  titration,  and  testing  them  with  sodic  hydrate,  the  end  point  is 
easily  seen,  as  a  yellow  precipitate  of  mercuric  oxide  results  as  soon 
as  the  mercury  solution  is  in  the  least  excess,  instead  of  the  white 
precipitate  previously  obtained.  The  number  of  c.c.  of  mercuric 
nitrate  solution  required  to  arrive  at  this  point,  multiplied  by  *01,  gives 
the  weight  of  urea  present. 

In  the  estimation  of  urea  in  urine,  the  phosphoric  acid  present 
must  be  previously  removed ;  this  is  best  done  by  adding  excess  of  a 
mixture  of  baric  hydrate  and  nitrate  (both  this  and  the  urea  solutions 
being  measured) ;  the  resulting  precipitate  is  then  removed  by  means 
of  an  unmoLBtened  filter  and  the  filtrate  then  titi-ated. 

As  urine  always  contains  sodic  chloride,  and  this  latter  converts 
the  mercury  solution  into  mercuric  chloride,  which  gives  no  precipitate 
with  urea  in  non -alkaline  solutions,  the  free  baric  hydrate  is  neutra- 
lised, and  mercury  solution  run  in  until  a  cloudiness  is  produced, 
which  remains  after  \dgorous  shaking;  this  indicates  that  all  the 
sodic  chloride  has  been  decomposed,  and  the  burettes  can  now  be  read 
off,  and  the  titration  proceeded  with  as  above. 

136.  Decompositions  of  Urea, — Of  the  numerous  decompositions  of 
urea,  the  following  are  the  most  important.  ' 

Urea  unites  with  the  elements  of  two  molecules  of  water  to  form 
ammonic  carbonate : 

/NHa  HjO  /ONH4 

C4=0         4.  =     Cf=0 

NNHa  HjO  \ONH4 

At  ordinary  temperatures  this  decomposition  only  takes  place  with  tlie 
aid  of  ferments,  as,  for  instance,  in  the  alkaline  putrefaction  of  urine  ; 
by  boiling  in  aqueous  solution  it  occurs  only  slowly,  more  quickly  by 
heating  in  sealed  tubes  to  230**-240°. 

Urea  suffers  analogous  decompositions  when  heated  with  strong 
acids  and  alkalies;  in  the  first  case,  carbonic  anhydride  and  the 
ammonic  salts  of  the  respective  acids  are  formed  : 

CO(NHa)  +  H2O  +  2H2SO4  =  2(NH4)HS04  +  COj ; 

in  the  second  case,  carbonate  of  the  alkali  and  free  ammonia : 

C0(NH2).^  4-  2K0H  =  C0(0K)2  +  2NH3. 

Methods  for  the  estimation  of  urea  are  similarly  founded  on  those 
reactions ;  either  it  is  decomposed  by  concentrated  sulphuric  acid,  and 
the  amount  of  ammonia  combined  with  the  latter  determined,  or  it  is 
heated  with  baric  hydrate  to  a  high  temperature,  and  the  baric  car- 
bonate weighed  : 

C0(NHj)2  +  Ba(0H)2  =  BaCO,  +  2NH3. 


BIURET.  97 

By  heating  with  argentic  nitrate,  argentic  pseudocyanate  and  amnionic 
nitrate  are  formed : 

CO(NH2)2  +  AgNOj  =  CO.NAg  +  NH4.NO3. 

Urea  is  also  converted  into  cyanogen  derivatives  when  heated  by 
itself;  at  150^-160°  ammonia  is  evolved,  at  first  with  incipient 
fusion  of  the  mass,  which  then  solidi&es  and  consists  of  cyanuric  acid 
(§  104),  ammelide,  or  cyameluric  acid  and  biuret  (§  137).  This  de- 
composition is  represented  by  the  equations  : 

3OON2H4  =  3NH3  +  (O3N3)  (0H)3  (cyanuric  add). 

3CONjH4  =  2NH3  f  H2O  +  (C3N3)  1 5^^)51  (ammeUde). 

2CONjH4  =  NH3  +  Ca02N3H5  (biuret). 

The  first  of  these  is  the  reversal  of  the  formation  of  urea  from  ammo* 
nic  cyanate. 

Cyanuric  acid  alone  is  obtained  by  heating  urea  hydrochloride  to 
a  high  temperature  : 

3C0(NH2).(NH3C1)  =  3NH4CI  +  (C3N3)  (0H)3. 

Chlorine  gas  acts  similarly  when  passed  over  fused  urea,  but  nitrogen 
and  hydrochloric  acid  are  also  formed  : 

6CON2H4  +  3CI2  =  2C3N3O3H3  +  4NH4CI  +  2HC1  +  Nj. 

By  the  dry  distillation  of  urea  with  phosphoric  anhydride,  cyanic  acid 
distils  over,  whilst  ammonic  metaphosphate  and  ammelide  remain 
behind. 

Dicyandiamidine  (§  116)  is  probably  urearguanidine. 

Biuret 

187.  Dica^h(>xylrdiamid-imide,  C2O2N3H5,  has  already  been  men- 
tioned above  as  one  of  the  decomposition-products  of  urea,  when 
heated  to  150°~160°.  It  is  obtained  from  two  molecules  of  the  latter, 
one  losing  an  amide  group,  and  the  other  a  hydrogen  atom,  the  bonds 
thereby  set  free  uniting  : 

=        NHj        +  >NH 


■NH, 


> 


Biuret  is  extracted  frx>m  the  solidified  residue  by  cold  water,  the  small 
quantity  of  cyanuric  acid  dissolved,  precipitated  by  plumbic  acetate, 
and  any  excess  of  lead  removed  froni  the  solution  by  hydric  sulphide; 
the  clear  solution  yields,  by  evaporation,  biuret  in  pretty  soluble 
oolourless  needles  containing  one  molecule  of  water  of  crystallisation ; 
this  latter  is  removed  on  exposure  to  dry  air. 

A  characteristic  reaction  of  biuret  is  its  power,  in  presence  of 
ftltalies,  of  dissolving  cupric  oxide  to  a  reddiidi-violet  solution ;  the 
oopper  without  doubt  replacing  some  of  the  hydrogen  of  the  biuret. 

u 
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On  mixing  a  solution  of  biuret  with  argentic  nitrate^  and  then 
carefully  adding  alkali,  a  colourless  but  easily  blackened  precipitate 
of  dicMrgenUhbiuret,  0202N3H3Ag2,  is  obtained. 

Anhydrous  biuret  melts  at  190^,  and  at  a  slightly  higher  tempera- 
ture decomposes  into  cyanuiic  add  and  ammonia  : 

SCjOaNjHj  =  3NH3  +  2C3N3H3O,. 

Heated  to  100^  in  an  atmosphere  of  hydrochloric  acid,  it  yields  a 
saline  compound  of  the  formula  2C202N3H5,HC1 ;  at  higher  tem- 
peratures it  gives  guanidine  hydrochloride,  and  carbonic  anhydride  : 

C2OJN3H5  +  HCl  =  OO2  +  CN3H5.HCI, 

together  with  sal  ammoniac  and  a  difficultly  soluble  compound,  which 
has  been  termed  urea-cyanurate  : 

2CaOaN3H3  +  HCl  =  NH4CI  +  C4H7N5O4. 

This  latter  is  probably  a  body  of  analogous  composition  to  biuret,  and 
may  be  viewed  as  tetruret : 

NH2.CO.NH.CO.NH2  (biuret). 

NHj.CO.NH.CO.NH.CO.NH.CO.NH2     (tetruret). 

The  relations  of  biuret  to  the  so-called  allophanic  ethers  will  be 
spoken  of  later. 

138.  Corresponding  to  carbozyl  is  the  radical  CS,  thiocarbonyl, 
which  has,  however,  as  yet  never  been  obtained  uncombined  like  car- 
bonic oxide ;  it  has  only  to  be  mentioned  here  in  connection  with  its 
amide  derivatives,  which  in  their  behaviour  closely  resemble  the 
carboxylamide  compounds. 

139.  StUpho-carbamic  acidy  CH3NS2  =  C^S      ,  ammonic  sul- 

NSH 

pho-carbamate,  is  formed  (like  the  corresponding  oxy-derivative)  by 
action  of  ammonia  on  carbonic  disulphide,  best  when  alcoholic  solutions 
of  both  are  employed : 

C<^       +     2NH3     =    C^NHj 
^  \S.NH4 

From  this  salt,  which  crystallises  in  yellow  prisms,  sulpho-<»rbamic 
acid  is  obtained,  by  action  of  hydrochloric  acid,  as  a  reddish-coloured 
oily  liquid,  which  solidifies  at  ordinary  temperatures  to  a  crystalline 
mass,  and  after  a  time  decomposes  spontaneously  into  sulpho-cyanic 
acid  and  hydric  sulphide  : 

y^  C=N 

C^"NH2    =  HjS  +      V 

By  heating  with  excess  of  ammonia,  ammonic  sulpho-carbamate  is 
converted  into  ammonic  suIphoK^anate : 

C^NHj        +  2NH,  =    ^^  +  (NH4),S. 
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140.  Sulphureaf  or  sutpho-carhonyl  diamide,  CSN2H4.  Whilst 
ammonic  cyanate  changes  at  ordinary  temperatures  into  urea^  ammo- 
nic  sulpho-cyanate  only  undei'goes  the  same  change  at  higher  tem- 
peratuiee: 


0=N  _      c^s"^ 


In  order  to  prepare  sulphurea,  dry  ammonic  sulpho-cyanate  is  heated 
slowly  to  170°,  and  kept  at  that  temperature  for  several  hours ;  it  is 
then  cooled  to  100°,  and  dissolved  in  an  equal  weight  of  water  at  80°, 
filtered  and  cooled  to  crystallisation.  The  crystals  are  fi^eed  from  the 
mother  liquor,  which  contains  unaltered  ammonic  sulpho-cyanate,  and 
purified  by  repeated  recrystallisation  from  very  little  hot  water.  Sul- 
phurea  ciystallises  in  prisms,  dissolves  readily  in  water  and  alcohol, 
but  little  in  ether,  and  fuses  at  149°. 

Like  urea,  it  yields  with  nitric  acid  a  difficultly  soluble  nitrate : 

^NHg.O.NOa 

Argentic  and  mercuric  derivatives  are  also  known,  wliich  decom- 
pose readily  with  formation  of  metallic  sulphides.  Similarly  also  on 
boiling  its  aqueous  solution  with  argentic  or  mercuric  oxides,  the  re- 
spective metallic  sulphides  are  precipitated,  whilst  dicyandiamide 
remains  in  solution.  By  heating  with  water  it  is  reconverted  into 
ammonic  sulpho-cyanate. 

Hydro-halogen  derivatives  of  sulphurea  are  formed  easUy,  together 
with  carbonic  (Usulphide,  by  simultaneous  action  of  nascent  hydrogen 
and  hydro-haloids  upon  persulpho-dicyanic  acid  : 

^-»       I  +  2H  +  HCl  =  CSa  f      C^S 

jfcTr^S  \NH3.Cl 


h2 


100 


ETHANES  OR  PAEAPFINS. 
Hydbooaebons  of  the  Series  CnH2ii4.a. 

141.  The  homologous  series  of  paraffins  embraces  those  hydro- 
carbons in  which  the  maximum  possible  number  of  hydrogen  atoms 
is  attached  to  the  carbon  nucleus  (§  40.)  Its  first  member  is  marsh 
gas  or  methane,  ^^v  from  which  the  higher  members  of  the  series 
can  be  obtained  by  substitution  of  its  hydrogen  by  the  hydrocarbon 
radicals  of  the  series  CnHsn^i : 

CH4 —  H  -}■  CnH2n+i  ^  C/H3  .  CnH2n+i  =  CJ(n+i)  "-2(0  +i)+2 
CH4 — w  H  +  2  CnH2n+i  =  CH2  .  (0111120+1)2  ^  0(2n+i)  H2(2n+i)+2 
CH4 — 3  H  +  3  CnH2n+i  =  CH  (CnH2n+i)3  =  ^(3n+i)  ^2{Zn+\)+2 
CH4— 4  H  +  4  CnH2n+i  =  C  (CnH2n+i)4  =  C(4n+l)  H2(4n+i)+2 

The  series  is  therefore  also  known  as  the  marsh  gas  series. 

The  first  three  members  (CH4,  C2Hg,  and  CsHg)  each  exist  in 
only  a  single  modification ;  those  richer  in  cai*bon  show  isomers,  the 
possible  number  of  which  increases  with  the  carbon  contents  of  each 
member,  and  is  equal  to  the  number  of  possibilities  of  structure  in 
the  nucleus,  only  nucleus-isomerism  (§  46)  being  possible. 

The  hydrogen  atoms  of  the  paraffins  can  be  replaced  in  different 
amounts,  partly  directly,  as  by  the  halogens,  partly  indirectly  by  other 
elements  or  radicals.  There  thei*eby  results  an  enormous  number  of 
orgauic  bodies  wliich  are  known  as  the  marsh  gas  derivatives,  and 
which  in  their  totality  are  known  as  fatty  compounds. 

The  unattacked  remaining  hydrocai*bon  residues  of  increasing 
valency : 

OnH.2n+i  j   OiiH2ni   0|iH2n-i  ^   Oi,Il2n-2  ^   0|iH2n-3  ^   OnH2n-4»  *^C'j 

remain  as  radicals,  and  ai*e  named  after  their  simplest  oxides,  which 
are  the  oxygen  sub-ititution-derivativas  of  the  paraffins. 

142.  By  substitution  of  only  a  single  hydrogen  atom  in  a  paraffin, 
a  residue  of  the  formula  CtiH2n+i  remains,  which  exists  in  com- 
bination with  the  substituting  element  or  compound  radical.  Ii||tthis 
latter  hydroxyl  there  results  the  hydrate  of  the  residue,  which  is 
termed  a  moriacid  alcohol.  The  residue  itself  is  termed  an  alcohol 
radical  or  cUkyL 

143.  If  substitution  of  two  hydrogen  atoms  occurs  in  a  parafiin, 
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it  can  be  either  at  two  carbon  atoms — one  at  each — or  at  one  single 
primary  or  secondarily  combined  carbon  atom  of  the  nucleus. 

In  the  first  case  there  results,  if  hydroxyl  be  the  substituting 
radical,  the  so-called  diacid  alcohols^  or  glycols : 


.0— H  C^H  CAH 


4°      "r^ 

<sH         •        Y^O— H 


6<^  6 

H  I    ^  *  I   ^ — ^ 

^0— H  C^H  C^H 

N)— H  X)— H 

On  the  other  hand,  if  the  substitution  of  two  hydrogen  atoms  be 
at  a  single  carbon  atom,  there  results,  if  this  is 

a.  A  terminal  carbon  atom,  the  compounds  of  the  aldehyde  rctdiccUs, 
so-named  from  their  oxides  the  aldehydes  : 


0„H 


A 


2II+1 


H 

^)        or     C(n4.i)H2(n+i)0      or      On'Hjn'O,  if  n+i  =  n'« 

b.  If,  on  the  contrary,  the  substitution  be  at  a  secondarily  com- 
bined, intermediate  carbon  atom,  the  residue  CnH2n  is  termed  a 
ketone  radical,  as  the  oxides  are  termed  ketones : 


OnH_ 

0=0 

A 


211+ 1 

^  ^(2n+i)H^2(2n+l)0  or  On'H2niO,  if  2n+i  =  n'» 


n-ti-2n+l 

144.  When  three  hydrogen  atoms  in  a  paraffin  are  replaced  by 
other  elements  the  complication  is  greatly  increased.  On  a  nucleus 
containing  at  least  three  carbon  atoms,  each  hydrogen  atom  may  be 
substitute  on  a  different  carbon  atom ;  the  resulting  residue  is  the 
radical  of  the  trivalent  alcohols  or  glycerines,  that  b^ng  the  name  by 
which  their  hydrates  are  distinguished  : 

yO— H 

Glycerine         C<5-g  =  C3H5(OH)3 


X>— H 


If  the  substitution  takes  place  at  two  different  carbon  atoms^. 
Le.  at  one  a  single,  at  a  second  a  double  substitution — there  must  result 
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oxides  which  combine  the  characters  of  alcohols  with  those  of  alde- 
hydes or  ketones ;  e.g. 


H 


H 


and 


.0— H 

I 


0=0 


Aldehyde  aloohoU. 


C<? 


=  C3H5  I  ^jj 


^O— H 

Ketone  alcohol. 


Triple  substitution  can  only  take  place  at  a  single  carbon  atom,  if 
the  latter  be  at  the  end  of  a  chain ;  the  simplest  oxides  of  the  residues 
have  then  the  characters  of  acids  : 


CH, 


0=0 

\ 
OH 

145.  The  more  hydrogen  atoms  there  are  replaced  in  a  paraffin 
the  more  numerous  must  be  the  resulting  products.  But  as,  with 
exception  of  marsh  gas,  the  seiies  never  contains  carbon  atoms  united 
with  more  than  three  hydrogen  atoms,  there  results,  from  a  greater 
substitution  than  three,  only  combinations  of  the  simpler  categories, 
and  there  are  obtained  every  time  : 

1.  By  replacement  of  only  one  hydrogen  atom  at  a  carbon  atom, 
by  OH,  an  alcohol,  or  alcohol  derivative,  if  other  elements  or  com- 
pound radioils  are  the  replacing  bodies.  The  number  of  these  varieties 
of  substitution  that  can  take  place  in  a  parafi&n  expresses  the  valency 
of  the  alcohol  radical,  or  the  '  acidity '  of  the  alcohol.  It  results  from 
this  that  an  x  acid  alcohol  must  contain  at  least  x  carbon  atoms  in  its 
nucleus. 

2.  By  simultaneous  replacement  of  two  hydrogen  atoms  united  to 
one  and  the  same  carbon  atom,  there  are  obtained : 

a.  If  the  replacement  be  at  a  terminal  carbon  atom  :  aldehydes 

or  aldehyde  derivatives. 
5.  If   at   an   intermediate    carbon    atom :    ketones   or  ketone 

derivatives. 

3.  Organic  acids  (in  the  true  sense)  or  their  derivatives  are  formed 
when  the  three  hydrogen  atoms  attached  to  a  terminal  carbon  atom 
are  simultaneously  replaced. 

As  ketone  alcohols  and  aldehyde  alcohols  are  known,  so  similarly 

H 
CH2.OH  / 

there  are  alcohol  acids,  Le.  I  ,  aldehyde  acids,  0=0,  and  ke- 

CO.OH  I 

CO.OF 
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tonic  acids,  0=0,  and  many  similar  complications,  which  with  some 

OO.OH 

less  known  categories  of  transformation  and  substitution-derivatives 
of  the  paraffins  will  be  mentioned  at  their  respective  places. 

14d.  The  series  of  paraffins  contains  memb^  with  nuclei  of  from 
one  to  at  least  thirty  atoms  of  carbon,  and  their  isomers.  Those 
poorest  in  carbon  are  gases;  by  increasing  carbon  contents  liquids  and 
solids  follow,  whose  boiling  and  melting  points  increase,  as  a  rule,  with 
the  increase  in  molecular  weight.  They  are  nearly  or  quite  insoluble 
in  water,  bum  easily  when  heated  in  an  oxygen-containing  atmo- 
sphere, and  are  converted  into  substitution-derivatives  by  the  action 
of  the  halogens — especially  chlorine — when  exposed  to  light  or  heat : 

^11^211+8  +     ^2  ^     HOI  -|-  OnH2n+i01 

^n^2n+'i  +  2OI2  ^  2H01  +  OnH2nOl2 

OQxl2n4-2  4"  3CI2  =  3x101  +  OnH2n-iOl3  <fcc. 

Many  paraffins  are  also  attacked  by  strong  nitric  add,  water  being 
eliminated,  and  a  product  formed  which  contains  the  nitric  add 
radical  NO2  (nitryl)  in  place  of  hydrogen.  Such  bodies  are  termed 
nitro-paraffins.    The  paraffins  are  very  indifferent  to  most  reagents. 

Occurrence  and  Formation  of  the  Paraffins, 

147.  Many  hydrocarbons  of  the  marsh-gas  series  occur  ready- 
formed  in  nature ;  they  are  formed  mostly  by  the  decompodtion  of 
dead  putrefying  or  deca3dng  organisms,  and  are  therefore  very  fs^ 
quenUy  found  with  coal.  The  liquid  and  solid  paraffins  form  the  chief 
proportion  of  mineral  oil  or  petroleum,  from  which  a  large  number 
of  members  of  the  series  have  been  isolated  by  fractional  distillation. 

PaiaffiDB  aw  also  fomed  in  the  dry  dirtillation  of  numy  oi^anio 
bodies,  though,  with  the  exception  of  the  gaseous  members,  only  in  small 
quantity  and  varying  proportion.  The  latter  depends  on  the  tempera- 
ture employed  and  tibe  duration  of  the  heating,  and  cannot  at  present 
be  deduced  into  a  rule  approaching  certainty.  On  the  other  hand,  a 
series  of  reactions  are  known  which  serve  for  the  preparation  of  in- 
dividual members  of  the  series. 

148.  Synthetical  Methods  of  Preparing  Paraffins. — No  paraffin  has 
been  prepared  as  yet  by  the  direct  action  of  carbon  upon  hydrogen ; 
manih  gas,  however,  has  been  obtained  by  means  of  very  dmple 
mineral  compounds  (see  later).  The  above-mentioned  methods  of  the 
synthesis  of  paraffins  are  from  already  existing  organic  bodies,  and 
fall  into  two  groups,  accordingly  as  the  transformation  takes  place  on 
already  existing  carbon  nuclei,  without  increase  thereof,  or  by  the 
synthetical  formation  of  the  nucleus  by  combination  of  simpler 
carbon  nudd,  this  latter  being  known  as  nucleus-sjmthesis.  Of  both 
methods  the  following  may  be  mentioned  as  the  most  imjiortant. 

149.  Methods  wiSiOtU  Increase  of  Nucleus. — These  consist  without 
ezoeption  in  joining  the  TnA.-i^'ninTp  number  of  hydrogen  atoms  to  the 
nadeos  dioaen. 
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For  such  methods  the  zinc  oompoonds  of  the  monovalent  alcohol 
radicals  are  most  particularly  available.  They  react  with  water,  ac- 
cording to  the  equation 

Zn<^'«g^«+J  +  2H20=Zn  <^^'^2C,K^^^^, 

with  such  violence  that  explosions  will  ensue  unless  the  ingredients 
are  mixed  with  great  care — ^best  previously  diluted  with  indifferent 
liquids. 

Other  organo-metallic  bodies,  such  as  those  of  mercury,  may  be 
employed,  but  halogen  acids  must  then  be  used  in  place  of  water,  this 
latter  not  altering  tibiem  : 

The  halogen  atoms  in  the  haloid  salts  of  the  mono-  and  polyvalent 
.  alcohol  radicals  can  be  substituted  by  hydrogen  in  various  ways,  as 
by  action  of  zinc  and  hydrochloric  acid  in  alcoholic  solution  : 

CnHan+iCl + Zn + HCl=C^H2^+2  +  ZnClj. 

The  iodides  of  the  alcohol  radicals  suffer  such  decomposition  most 
readily.  They  are  decomposed  by  heating  with  zinc  and  water  to 
about  200° : 

20^H2^+iI  +  2Zn  +  20Ha--=Zn(0H)j  +  Znlj  +  2C„Ha^+8 ; 

as  also  by  long  heating  with  concentrated  hydriodic  add  to  200^-300^ : 

CnHj^Ia + 2HI=0„Hjto+a + 21^. 

Instead  of  first  preparing  the  iodide  from  the  alcohol,  the  latter  can 
be  decomposed  directly  by  hydriodic  add  : 

CnHjn+iOH  +  2HI  =  CnHjn+a  +  OHa  +  I^. 

It  appears  generally  that  by  action  of  saturated  hydriodic  add 
solution,  all  organic  oxides  are  converted  into  the  corresponding 
paraffins : 

C2H4O   +4HI  =  C2H6+    HaO  +  2l2 

OaH40j  +  6HI  =  OaHg  +  2H2O  +  SIj. 

By  most  of  the  methods  previously  mentioned  the  paraffins  are 
formed  as  the  hydrides  of  the  alcohol  radicals,  and  they  are  frequently 
referred  to  as  such. 

The  unsaturated  hydrocarbons  are  also  converted  into  paraffins  by 
hydriodic  add,  hydrogen  being  taken  up  and  iodine  separated : 

CHa  OH3 

II       +2HI=I        +Ia. 

CHj  CH.3 

The  salts  of  organic  adds  yield  paraffins  when  fused  with  alkalies, 
with  partial  splitting  off  of  carbon  as  carbonate  : 

CnHan+i-CO.OK  +  HOK  :=  KaCOa  +  CnHan+ay 
C„H,n(CO.OK),  +  2H0K  =  2K,C03  +  CnH,„^„  Ac, 
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ISO.  Methods  with  Synthesis  of  Carbon  Nudei, — These  consist 
without  exception  of  methods  in  which  the  elements  in  combination 
with  hydrocarbon  nuclei  are  withdrawn  by  substances  having  a 
stronger  affinity  for  them,  whereupon  tlie  several  liydrocarbon  nuclei 
unite  at  the  moment  of  liberation  and  form  new  molecules.  The 
general  type  of  reaction  thus  occurring  is  that  known  a.s  double  de- 
composition, as  by  action  of  the  iodides  of  the  alcohol  radicals  upon 
the  corresponding  zinc  compounds  : 

+  2C„H2„+i  I  =  Znia  +  2  |^ 

^  2C2nH4n^.2  Or  Cii|H2m+2i  "  2n  =  m> 

or  by  the  employment  of  the  zinc  compound  of  one  radical  with  the 
iodide  of  another : 


2n+l 


+  2Cn'H2„'+iI  =  Znl2  +21 

s^  ^^n+ii'-"-2n+2n'+2  ^  ^m-"-2in+2>  ^  m  ^  n  T  n'* 

A  similar  result  is  obtained  when  the  iodide  or  bromide  of  an 
alcohol  radical,  dissolved  in  an  indifferent  liquid — ether,  <fec. — ^is 
heated  with  potassium  or  sodium  : 

CJnH2n+i 

•     20nH2n+iI  +  Naa  =  I  +  2NaI  or  CniH2ni+2  ^  2n  =  m- 

When  obtained  by  the  last  two  methods  the  paraffins  appear  as 
the  compounds  of  two  similar  or  different  alcohol  radicals. 

Another  method  belonging  to  this  class  is  the  decomposition  of 
aqueous  solutions  of  salts  of  organic  acids  by  the  electric  current, 
whereby  carbonic  anhydride  and  the  paraffin  appear  at  the  positive 
pole,  and  hydrogen  and  solution  of  the  carbonate  at  the  negative  : 

Cnll2n+i 
20nH2n+i.CO.OK  +  H2O  =  K2CO8  +  CO2  +   I  +  Hj. 

C'iiH2n+i 


Methane,  CH4  or  CZI^ 

(Methylio  hydride^  carbonic  tetrahydride.) 

151.  Methane  is  invariably  formed  by  the  spontaneous  decomposi- 
tion of  organic  bodies  out  of  contact  with  air,  i.e.  during  their  putre- 
fiM^on,  and  therefore  occurs  in  the  slime  of  marshy  waters  in  large 
quantity  (marsh  gas),  very  frequently  in  coal  mines  (fire-damp.)  At 
some  places  it  streams  in  large  quantity  from  the  ground — e.g.  at 
Baku  on  the  Caspian  Sea,  where  it  has  burnt  since  a  very  remote 
period. 
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Mixed  with  other  hydrooarbozus  it  is  formed  by  the  dry  distillation 
of  most  organic  bodies,  and  therefore  occurs  in  coal  gas. 

To  prepare  perfectly  pure  methane,  zinc  methyl  is  decomposed  by 
water : 

Zn(CH3)a  +  2H2O  ^  Zn(0H)2  +  2CH3.H  or  2CH4. 

Methvlic  hydride. 

It  is  obtained  nearly  pure  when  an  intimate  mixture  of  sodic 
acetate  with  double  its  weight  of  soda  lime  is  heated  strongly : 

CH3 

I  H  /ONa 

C=0  +1        =  CH4  +  Cf=0 
I  ONa  NONa 

ONa 

It  can  be  prepared  indirectly  from  its  elements  in  two  ways — 
either  by  passing  a  mixture  of  sulphuretted  hydrogen  and  carbonic 
disulphide  vapour  over  glowing  copper,  which  removes  the  sulphur 
firom  both  compounds : 

CS3  +  2SH2  +  8Cu  =  40uaS  +  CH:4  ; 

or  by  action  of  sodium  amalgam  on  carbonic  tetrachloride  in  presence 
of  water : 

OCI4  +  4]Sra2  +  4OH2  =  4NaCl  +  ^NaOH  +  CH4. 

Methane  is  a  colourless,  odourless  gas  of  sp.  gr.  *5598 ;  it  is 
slightly  absorbed  by  water.  It  bums  readily  with  a  feebly  luminous 
flame ;  mixed  with  the  requisite  quantity  of  oxygen  (double  its  volume) 
or  atmospheric  air,  it  explodes  on  ignition  with  great  violence  (fire- 
damp): 

CH4  +  2O2  =  CO2  -f  2OH2. 

Although  it  does  not  support  respiration,  it  is  destitute  of  poison- 
ous qualities.  Under  the  influence  of  high  temperatures — e.g.  when 
passed  through  white-hot  porcelain  tub^,  or  when  submitted  for  a 
long  time  to  the  action  of  the  electric  spark — ^it  is  partly  decomposed, 
with  increase  of  volume,  into  hydrogen  and  carbon  : 

•  01x4  =  O  -f-  2x12* 

When  mixed  in  the  dry  state  with  chlorine,  it  is  not  aflected  in 
the  dark ;  by  heating,  however,  or  by  exposure  to  light,  it  undergoes 
changes  whose  amount  depends  upon  that  of  the  chlorine  present. 

A  mixture  of  one  volume  of  methane  with  two  volumes  of 
chlorine  explodes  powerfully  on  exposure  to  direct  sunlight,  carbon 
being  deposited,  and  hydrochloric  acid  gas  formed : 

CH4  +  2CI2  =  C  +  4HC1. 

If  the  gases  be  mixed  in  equal  volumes,  and  exposed  to  diffused 
daylight,  substitution  of  one  hydrogen  by  one  chlorine  atom  takes 
place,  and  monochlor-methane  or  meUiylic  chloiide  results  : 

OH4  +  CI2  =»  CHjCl  +  HCl. 
Larger  quantities  of  chlorine  by  slow  action — best  and  with  least 
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danger  if  diluted  with  large  quantities  of  carbonic  anhydride — ^yield 
higher  chlorine  suhetitution-products : 

CH4  +  2Clj  =  2HC1  +  CHaClj  (dichlor-methane,  or  methy- 

lene  dichloride), 

CH4  +  3CI2  =  SHCl  +  CHCl,    (trichlor-methane,  or  chloro- 
form), 
and  lastly 

CH4  -F  4:Cla  =  4HC1  +  CCI4     (tetrachlor-methane,  perchlor- 

methane,  or  carbonic  chloride). 

In  the  presence  of  water,  chlorine  decomposes  methane,  slowly  but 
completely,  into  hydrochloric  add  and  carbonic  anhydride  : 

CH4  H-  2HaO  +  4CI2  =  8HC1  +  COa- 


/  CHjN 

{  Ethylic  hydride,  CaHsH.    Dimethyl,   I       1 

162.  Ethane  is  obtained,  as  ethylic  hydride,  from  zinc  ethyl  and 
water: 

Zn(OjH5)2  +  2HaO  =  2CaH6  +  Zn(OH)a  j 

by  heating  ethylic  iodide  with  zinc  and  water  to  150^  : 

2CJH5I  +  2Zn  +  H2O  =  Znl2  +  ZnO  +  2C2H6 ; 

and  by  action  of  strong  hydriodic  acid  upon  ethylic  iodide  under  the 
influence  of  high  temperatures  : 

C2H5I  +  HI  =  02He  +  I2. 

From  hydrocarbons  poorer  in  hydrogen,  as  from  ethylene  (O2H4)  and 
acetylene  (C2H2),  it  is  obtained  by  the  same  reagent  at  250^  : 

C2H4  +  2HI  =  C2H6  +  I2 
C2H2  +  4HI  =  CjHe  +  2I2. 

As  dimethyl  it  is  formed  by  heating  methylic  iodide  with  zinc  or 
molecular  silver  in  closed  tubes  at  150^ : 

2CH,I  +  Aga  =  Ag2l2  +  O2H6  j 

and  at  the  same  temperature  from  zinc  methyl  and  methylic  iodide  : 

Zn(CH3)2  +  2OH3I  =  Znl2  +2C2H6. 

On  opening  the  closed  tubes  it  is  evolved  wifli  great  violence. 

By  the  electrolysis  of  potassic  acetate  in  concentrated  aqueous 
solution,  it  is  evolved,  together  with  carbonic  anhydride,  at  the 
positive  pole : 

CHj  CH3  CHj 

CO       +     CO    +  H2O   =    CH3  +  CO2  +  C0(0K)2  +  Hj. 
OK  OK 
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It  ooours  pretty  regularly  in  coal  gas,  and  also  in  crude  American 
petroleum,  in  which  it  is  absorbed  by  the  liquid  hydrocarbons. 

Ethane  Ls  a  colourless  and  odourless  gas  of  density  1*036  ;  it  has 
been  liquefied  at  a  pressure  of  46  atmospheres  at  4°.  It  is  nearly  in- 
soluble in  water,  but  soluble  in  a  little  less  than  its  own  volume  of 
alcohol.  By  action  of  diffused  daylight  on  a  mixture  of  equal  volumes 
of  chlorine  and  ethane,  there  results,  as  first  substitution-product, 
monochlor-ethane  or  ethylic  chloride  : 

CaHfi  -f  CI2  =  HCl  -f  C2H5CI, 

from  which  all  the  other  ethylic  compounds  can  be  prepared.  At  the 
same  time,  especially  when  the  chlorine  is  in  excess,  substitution-pro- 
ducts richer  in  chlorine  are  formed. 


Propcme,  CJPL^, 

I  Propylic  hydride,  CSH7.H,  or  ethyl-methyl 

CH, 


•  k ) 


Structural  formula         0H< 


CH, 


'8 

153.  Occurs  in  crude  petroleum,  and  is  obtained  from  the  propyl 
compounds  in  a  similar  manner  to  ethane,  most  easily  by  action  of 
zinc  and  hydrochloric  acid  upon  both  propylic  iodides : 

CH,  CH3 

2OH2  +  2Zn  +  2HC1  =  Znia  +  ZnCl^  +  2CHj 


CHJ 


2X  v^xx3 


CH, 


l*ropylic  iodideT 

CH,  CH, 

CHI  +  2Zn  +  2HC1  =  Znl,  +  ZnCl,  +  2CHi, 

I  I 

CH»  CH, 


'Tsopropylic  iodide. 

Without  doubt  the  same  body  is  obtained  by  heating  a  mixture  of 
zinc  methyl  with  ethylic  iodide,  or  of  zinc  ethyl  with  me^ylic  iodide : 

OH,  OH3 

Zn<SS»    +    2CHa  =  Znia  +  2CH2 

■     '\  Ah. 

or  ^^<ch^'ch'  +  2     I     '    =  Znlj  +  2CH3.CH2.CH3. 

Propane  is  a  colourless  gas,  which  liquefies  below  —  20°,  and  of 
which  six  volumes  are  absorbed  by  one  volume  of  alcohoL    By  action 
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of  chlorine  in  diffused  daylight  there  result,  as  the  first  substitution- 
productB,  the  isomeric  compounds  : 

CH3  CH3 

~  "  ide,    C] 


prqpylic  chloride,  CH2    >  and  isopropylic  chloride,    CHCl 

CHjCa  CH3 


Butanes  or  Tetranes,  C4HJ0. 

154.  As  four  carbon  atoms  can  combine  in  two  different  ways  to 
form  a  tetrarcarbon  nucleus : 


0 

A 

A 


C 
0—0, 

A 


two  butanes  can  exist,  and  both  have  been  prepared. 

Normal  butane,  butylic  hydride,  diethyl,  or  propyl-methyl,  occurs 
in  crude  petroleum,  and  is  formed,  as  diethyl,  by  action  of  zinc  or 
sodium  upon  ethylic  iodide,  or  by  the  decomposition  of  zinc  ethyl  by 
this  latter  in  sealed  tubes  heated  to  at  least  150°  : 

^'"'^Hr.CHa'^CHalcHal  =  ^""^^  +  2CH3.CH2.CH2.CH3. 

Ethylene  and  ethane  are  formed  as  secondary  products  during  this 
reaction,  one  ethyl  group,  with  double  linking  of  its  own  carbon  atoms, 
yielding  hydrogen  to  the  other  :  • 

CH3         CH3         CH2         CH3 


CH2        CH2         CH2         CH3 

On  opening  the  cooled  tube,  wliich  contains  the  butane  Liquefied 
by  the  pressure,  a  mixture  of  both  gases  is  given  off  with  great  violence ; 
later  the  butane  evaporates,  and  can  be  condensed  in  a  vessel  cooled 
by  a  mixture  of  ice  and  salt. 

Butane  is,  at  ordinary  temperatures,  a  colourless  gas  of  ethereal 
odour,  and  of  density  2*046 ;  it  becomes  liquid  at  f-  3°  under  a 
pressure  of  2^  atmospheres;  its  boiling  point  is  about  +  1°.  It  is 
nearly  insoluble  in  water,  pretty  readily  soluble  in  alcohol,  this  latter 
absorbing  18  times  it  own  volume  at  14°. 

Isohutane,  isobutylic  hydride,  or  trimethyl  methane,  isomeiic  with 
the  foregoing,  is  obtained  by  action  of  zinc  and  water  upon  the  iodide 
from  trimethyl  carbinol : 

CH3CH3  Cir.OH, 

\/  \/ 

2CI  -h  2Zn  +  2n20  =  Zn(0H)2  +  Znlj  +  2      CK 


CH,  CH3 

It  is  a  colourless  gas,  which  is  condensable  to  a  liquid  at  — 17°. 
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PerUanes,  CsHja. 

155.  Corresponding  to  the  three  forms  of  a  pentacarbon  nudeos, 
three  pentanes  may  exist,  namely  : 


OH, 


H, 


CH. 


CH, 
CHj 


i, 


!H, 

Normal  pentane. 

Normal  amylic  hydride. 

Ethyl-propyl 

or  methyl-butyl. 


CH, 


Isopentane. 
Isoamylic  hydride. 
Isopropyl-ethyl. 
TsoDutyi-i 


CH, 

I 
CH3— — 0 — CH3 

CH, 


Tetramethyl  methane. 


Isobatyl-methyl. 

Both  the  former  exist  in  American  petroleum,  and  are  obtainable 
therefrom  by  fractional  distillation. 

Normal  penUme  is  also  found  in  the  light  tar  oils,  from  the  dis- 
tillation of  cannel  coal ;  it  is  a  mobile  colourless  liquid,  which  boils 
at  37*^-39^ 

The  boiling  point  of  the  closely  analogous  isopentane  is  about  30** ; 
it  is  prepared  STnthetically  by  the  decomposition  of  fermentation 
amyUc  iodide  with  zinc  and  water.  It  mixes  in  every  proportion 
with  alcohol,  but  not  with  water.  At  —  24°  it  is  still  Uquid.  The 
density  of  the  liquid  is  *626. 

Tetramethyl  methams  results  from  the  action  of  zinc  methyl  on 
tertiary  butylic  iodide : 

CH,  CH, 


2CH,— CI  +  Zn(CHa)2  =  Znl^  +  2CH,— C— CH, 

CH,  CH, 

as  a  oolourlesa  mobile  liquid,  which  boils  at  +  9*5**,  and  solidifies  to 
a  csrystalline  mass  at  —  20°. 

Hexam/eSf  O^i^. 

166.  The  hexane  formula  admits  of  five  isomeric  modifications  : 

1.  2.  8. 

CH,  CH,  CH, 


CH2 

I 
CHj 

CHj 

I 
CHa 


9<H^'  CH 


CHj 

CHj 

I 
CH, 


CH, 

Normal  hexane. 
DipropyL 
ButVl-ethyL 
Metnyl-amyL 


a  Iflohexane- 
•Propyl-isopropyL 
Etnyl-iaobutyL 
Methyl-iaoamyl. 


2 


P>^CH, 

y<^H 

CHa 

I 
CH, 


3  Iflohexane. 
Diethyl-methyl  methane. 


HBXAKBS,  C,B,4  111 

4.  6. 

CH,  CH, 

C<S^»  CHa— 0— CH, 

I  I 

9<cH,  y^» 

CH,  CH, 

DiiBOpropvl,  Trimethyl-ethyl  methane, 

a  dimetnyl  butane.  Isobntyl-ethyL 

1.  Normal  hexane  is  obtained  by  action  of  zinc  and  water,  or  of 
zinc  and  hydrochloric  add,  upon  secondary  normal  hexylic  iodide, 
CH3.CH2.CH2.CH2.CHI.CH3  (which  results  from  the  action  of  hy. 
driodic  acid  upon  mannite),  as  a  colourless  liquid,  boiling  at  CO^-TO®, 
and  of  sp.  gr.  '6G3  at  17°.  It  is  also  prepared  by  decomposition  of  an 
ethereal  solution  of  propylic  iodide  by  sodium  : 

2CH,.CH2.CH2l  +  Naa  =  2NaI  +  CH3.CH2.CH2.CH2.CH2.CH3, 

and  occurs  in  petroleum  and  light  coal-tar  oil. 

2.  a  Isohexane  is  obtained,  as  ethyl-isobutyl,  by  action  of  sodium  on 
an  ethereal  solution  of  a  mixture  of  ethylic  and  isobutylic  iodides : 

CHs-CHjI  +  I.CH2.CH.  I  gg3  +  Na2  =  2NaI 

+  CH3.CH2.CHa.CH<^2'  ^ 
it  boils  at  62^  and  has  sp.  gr.  -7011  at  0°. 

3.  fi  Isohexane  has  not  yet  been  prepared. 

4.  Diisopropyl  is  obtained  by  de-iodising  ispropylic  iodide  in  ether- 
eal solution  by  sodium : 

2^2^>CHI  +  Na2  =  2NaI  +  cH3>^^-^H<Ch' 

as  a  colourless  liquid,  boiling  at  58°  and  having  sp.  gr.  '6769  at  10°. 

5.  TrimethyCethyl  inethaiie  is  prepared  by  action  of  zinc  ethyl 
upon  tertiary  butylic  iodide : 

CH3  CH3 

2CH,— CI  +  Zn(CHa.CH3)a  =  Znia  +  2CH3— C— OHj.OH, 

CH,  CH3 

It  boils  at  43°-48°. 

Higher  Homologiies, 

167.  The  number  of  possible  isomers  of  every  member  of  these 
series  increases  with  the  increase  of  the  number  of  carbon  atoms  in 
the  nucleus ;  but  few  of  them,  however,  are  known,  and  will  now  be 
shortly  noticed. 

Heptanes^  Ci\\x%' — Normal  heptane, 

CII3 — CH2 — CH2 — CH2 — CH.2 — CH2 — Co  3, 
is  contained  in  coal-tar  oil  and  in  petroleum  ;  it  is  a  liquid  boiling  at 
97-5. 

a  Isolieptane,  CH3.0H2.0H2.CH2.CH.<^|][3^is  obtained  as  ethyl- 


112  PARAFFINS,  CnK,^. 

isoamjl,  by  decomposition  of  a  mixture  of  fermentation  amylic  iodide 
and  ethylic  iodide  by  sodium,  as  an  oil  boiling  at  88^-90^. 
Dimethylrdiethyl  niethcme  or  ca/rb-dimethyl-diethyl, 

r^TT*]>O^QTT^'nTT^  r^siilts  from  the  action  of  zinc  ethyl  upon  ace- 

tonylic  chloride : 

It  boils  at  86*». 

Triethyl  methane,  CH3.CH2.CH<^^2-0H3    ^^    CH(C2H5)3,    is 

formed  amongst  other  products  by  warming  ethylic  orthoformate  with 
zinc  ethyl : 

2CH.(O.CjH5)3  +  3Zn(CaH5)a  =  3Zn(O.CaH5)j  +  2CH.(C2H5)3 

Ethylic  orthoformate.  Zinc  ethyl.  Zinc  ethylate. 

It  is  a  colourless,  &dnt-smelling  liquid  of  sp.  gr.  *689  at  27^,  and 
boiling  at  96°. 

Octanes,  CgHig. — Normal  ocUme, 

CH3— CHa— CHa— CHa— CHa— CHa— CHa— CH3, 

or  dibutyl,  is  formed  from  two  molecules  of  normal  butylic  iodide 
(CH3 — CHy — CHa— CH2I)  by  de-iodising  with  sodium;  it  boils  at 
123''-125°,  and  has  the  sp.  gr.  '7032.  It  is  also  obtained  from  normal 
octyl  alcohol,  and  from  methyl-hexyl  carbinol,  and  occurs  in  mineral 
oil. 

Diiaohutyl,  ^^yQYL—OYi^—QYL^—Qll<^^\  is  prepared  from 

isobutylic  iodide  and  sodium,  as  a  liquid  boiling  at  109°,  and  of  sp.  gr. 
•7057. 

Nonanea,  CgHao- — There  are  two  known,  namely,  isohutyUisoa/myl, 

^^3N,oH.CH2.CH2.  CHa.  CH<^j^8  prepared   from  the  iodides  of 

the  respective  alcohol  radicals,  which  boils  at  132°,  and  a  body  boiling 
at  130°,  obtained  in  small  quantity  by  action  of  sodium  amalgam 
upon  isoprepylic  iodide : 

CHa-CH<^g3 

CH3  ^^» 

6CHI  +  3Naa  =  6NaI  +  2H  +  2CH CH<^5' 

CHa  CH3 

This  may  be  termed />ro/?^^eric  diiaopropyl,  the  group  CHa — CH — CH3 
being  the  radical  of  the  propylene  compounds. 

A  third,  probably  normal  nonane,  occurs  in  petroleum,  and  also  in 
the  mixtiire  of  hydrocarbons  obtained  by  the  action  of  heat  on  solid 
paraffin;  it  boils  at  U7°-U8°;  sp.  gr.  -7279  at  135. 

Decanea,  CjoHaa* — One  decane  has  been  known  for  a  long  time 
under  the  name  of  diamyl,  more  correctly  diiaoamyl.  It  is  prepared 
from  fermentation  amylic  iodide  by  action  of  zinc  or  sodium : 
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2^^»>CH.CH,.CH,I  +  Na,  =  2NaI 

It  is  a  colourless  oil  of  faint  ethereal  odour  and  burning  taste ;  has 
sp.gr.  -77  and  boils  at  IdS"". 

A  hydrocarbon  of  the  same  composition  results  by  heating  oil  of 
turpentine  with  much  concentrated  hydriodic  acid  to  275°  : 

C|oHi5  +  6HI  ^  C10H23  +  SIj. 

It  distils  over  between  ISS"*  and  162''. 

168.  A  number  of  higher  members  of  the  series  have  been  isolated 
from  American  petroleum  and  coal  tar  by  fractional  distillation ; 
their  constitution  is,  however,  still  unknown. 

These  compounds  are  : 

CijHjg  having  the  boiling  point  198°-200° 

^18^28        V  »  »  218**-220*' 

CuHao        „  „  „  236^-240^ 

^16-^32        »  »  »  258**— 262° 

Ci6H34        „  „  „  about  280° 

A  synthetically  prepared  dodecane  is  obtained  by  the  electrolysis 
of  potassic  cenanthate,  (CgH13.CO.OK),  as  an  oil  boiling  at  202°;  the 
normal  hexdecane,  C,eH34  or  CH3 — (CH2)i4 — CH3,  is  obtained  as  a 
bye  product  in  the  preparation  of  normal  octane  from  normal  octylic 
iodide ;  it  boils  at  278°. 

160.  Paraffins  containing  more  than  16  carbon  atoms  are  con- 
tained in  those  oils,  &c,,  boiling  above  300°  contained  in  petroleum, 
and  obtained  in  the  dry  distillation  of  peat,  lignite,  (kc,  but  have  not 
yet  been  Laolated.  The  substance  commercially  termed  paraffin  con- 
sists essentially  of  them  ;  this  mixture,  which  probably  also  contains 
hydrocarbons  of  the  formula  CnHsn*  forms  a  colourless  translucent 
mass,  which,  according  to  its  source  and  method  of  purification,  melts 
between  40°  and  80°.  It  is  insoluble  in  water,  little  soluble  in  cold 
alcohol,  more  readily  in  hot  alcohol,  ether,  and  liquid  hydrocarbons ; 
it  is  one  of  the  materials  used  for  the  manufacture  of  candles. 

To  prepare  it  the  high-boiling  portions  of  peat  or  lignite  tar, 
partly  solidified  by  cooling,  are  heated  with  concentrated  sulphuric 
acid ;  this  destroys  one  series  of  impurities  and  changes  others  into 
sulphur  containing  acids  (sulphonic  acids)  soluble  in  water,  whilst  the 
fosed  parafi^  is  not  itself  attacked,  and  collects  on  the  surface  as  an 
oily  layer.  This  is  separated  from  the  acid  aqueous  solution,  and 
submitted  to  distillation  after  addition  of  some  caustic  alkali  to 
neutralise  any  adhering  acid.  The  distillate  is  then  mixed  with  not 
too  large  a  quantity  of  colourless  light  tar-oil,  brought  to  crystallisa- 
tion by  cooling,  and  the  oil  (which  dissolves  out  colouring  matters 
and  oily  impurities)  expressed  by  aid  of  hydraulic  presses.  The 
residue  is  parafiin. 

On  account  of  its  difficult  alterability  by  most  of  those  reagents 
which  act  powerfully  on  organic  bodies,  it  obtained  its  name  of 
paraffin  (from  parum  affinis),  which  later  was  adopted  as  the  general 
name  for  the  whole  series. 

I 
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DBftlYATIYlS  OF  THE  MOMOTALBNT  AlOOHOL  RADICALS 

OB   AlKTLS,  ClnHsn4.i. 

General, 

100.  The  monovalent  alcohols,  CnIl2n^.i.0H,  may  he  arranged 
in  three  classes  according  to  the  position  of  the  carhon  atom  united 
to  hjdroxyl  in  the  nucleus,  to  which  methyl  alcohol  or  carhinol, 

\)H 

the  first  meinher  of  the  series,  may  he  added  as  a  fourth  variety. 
f^  1.  The  prima/ry  alcohols  contain  the  hydroxyl  group  attached  to  a 
terminal  primarily  united  carhon  atom,  which,  therefore,   is   also 
united  to  two  hydrogen  atoms ;  the  group 

I  y^ 
OHj.OH        O^H 

X)H 

is  characteristic  of  them.    From  methyl  alcohol  they  are  derived  hy 
replacement  of  one  methyl  hydrogen  atom  hy  an  alcohol  radical : 

/0«H^+,  C«H,«^., 

C-^  or     I  =CnHa„+,.OH(if„^.i=n). 

\Jg^  OHa.OH 

By  action  of  oxidising  agents  upon  them  there  results,  according 
to  the  extent  of  oxidation,  two  products — ^namely,  hy  action  of  one 
atom  of  oxygen  with  elimination  of  two  hydrogen  atoms,  aldehydes : 

^voMfm^l  XT  CniHjni+i 

which  are  converted  hy  a  second  atom  of  oxygen  into  monohasic 
acids : 

OmHjni+i  Oii|H2m+i 

+0=  (!)<o-H 
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The  ozidatioii  of  the  primary  alcohols  to  acids  of  equal  carbon 
oontents  can  also  be  efiBscted  by  action  of  alkalies  at  high  tem- 
peratures: 

CHj         +H.OK=    CO  +Ha 

\  \ 

OH  OK 

The  primary  alcohols  can  be  regenerated  from  the  aldehydes  by  action 
of  nascent  hydrogen : 

CnH  211+1  ^Hjm+i 

I  H  i/^ 

0\^  +  Hj  =      O^H 

^  X)H 

2.  Secondare/  alcolioU  are  those  in  which  hydroxyl  is  united  to  a 
secondarily  combined  carbon  atom  (that  is,  one  which  is  united  to  two 
other  carbon  atoms)  3  they  are  therefore  characterised  by  the  group 

9<0H 

From  carbinol  they  are  derived   by  i*eplacement  of  t%oo  hydrogen 
atoms  by  alcohol  radicals  : 

p    XT  OmHjm+i 

j,_C„.H«..H. ,      ^    C<J_2   =C„H,„  +  , OH  (if  „+„.+  .  =  „). 
X)H  '     „ 

As  B  ttnd  m'  must  at  lea^  =  1,  the  lowest  member  of  the  series 
must  contain  three  carbon  atoms  : 

CH3— CH(OH)— CH3  =  dimethyl  carbinol. 

Oxidising  agents,  as  long  as  the  carbon  chain  is  not  destroyed, 
act  with  only  one  oxygen  atom  upon  the  molecule  of  a  secondary 
alcohol ;  there  results  ti^ereby,  with  removal  of  two  hydrogen  atoms 
(as  in  the  formation  of  aldehydes),  ketone  : 

UiiiH2ni+i  ^inll2m+l 

Cm'H  2m'+  1  CmH  2m  +  i 

from  which  the  secondary  alcohol  con  be   regenerated   by  miutent 
hydrogen: 

Oin"-2m  +  i  CmHam+l 

C=0  +  H,  =      C<^„ 

C|||'H2in'+  1  ^m"  Sin  ♦  1 

3.  Tertiary  alcohols  contain  their  hydroxyl  united  to  a  carbon 

12 
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atom,  which  is  united  to  three  other  carbon  atoms.  Therefore  they 
appear  as  carbinol  in  which  all  the  non-hydroxjlic  hydrogen  atoms 
are  replaced  by  alcohol  radicals  : 

yOmHa  +  i 

0- — r^     TT  =  CnHjn  ^  I  .OH  (if  m  +  m'+  m''+ 1  =  n)« 


\^- 


H 


The  lowest  tertiary  alcohol,  therefore,  contains  four  carbon  atoms  : 

CZInu^     or     OH3— 0— OH 

^«  in. 

The  tertiary  alcohols  are  not  capable  of  an  oxidation  similar  to 
that  in  aldehyde  or  ketone  formation ;  by  action  of  powerful  oxidising 
agents  the  nucleus  is  broken  up  into  sevenil  smaller  ones. 

161.  It  is  evident  that  the  structure  of  the  nucleus  must  have 
cx)nsiderable  influence  on  the  nature  of  the  alcohol ;  there  are  to  be 
distinguished : 

1.  Normal  alcohols ,  whose  nuclei  can  contain  only  primjirily  and 
secondarily  combineil  carbon  atoms,  and  therefore  a  single  chain  with 
only  two  terminal  carbon  atoms.  Normal  alcohols  may  be  primary  or 
secondary,  but  not  tortiaiy  : 


CH3  CH3 

H2  OHj 


i 
i 


Ha  CH.OH 

CH2.OH  CH3 

Primary  Secondary 

Normal  butyl  alcohols. 

2.  laoalcoholSf  which  are  derived  from  nuclei  containing  side 
chains,  and  therefore  toi-tiarily  or  quarternarily  united,  contsiin  more 
than  two  terminal  carbon  atoms. 

There  are  primary,  teHiai-y,  and  also  secondary  isoalcohols  when 
with  more  than  five  atoms  of  carbon  : 

CH3     CH3  CH3     OH3 

C— H  C-  OH 


CH2.OH  (JH3 

Priinarv  Tertiarv 


Isobiitvlic  alcohols. 


162.  Although  the  alcohols  have  no  action  on  vegetable  colours, 
still  they  have  tho  properties  of  weak  basic  hydrates,  ai)pmring  there- 
fore as  the  hydroxyl  compounds  of  electro-chemically  positive  radicals. 
They  also  react  in  many  ways  like  the  hydrates  of  the  monovalent 


FORMATION  OF  ALCOHOLS.  117 

alkali  metals,  though  with  much  less  energy;  they  unite  pretty 
readily  witli  nciJs  to  saline  compounds  in  which  the  alcohol  radical 
replaces  the  add  hydrogen.  By  action  of  haloid  acids  upon  them  the 
chlorides  of  the  alcohol  radicals  result : 

^nK2n+i«0H  +  HCl  ^  CnH2n-j.iCl  +  OH2, 

like  KOH  +  HCl  =  KCl  +  OH2 ; 

and  they  yield  with  the  oxyacids  (in  complete  analogy  to  the  oxysalts 
of  alkali  metals)  the  ethereal  salts : 

CnHjn  +  ,.0H  +  HO.NO2  =  C„H2n  +  1.O.NO2  +  H2O; 

like  KOH  +  HO.NO2  =  K.O.NO2  +  HgO, 

CnH2n  +  i.OH  +  H2SO4  ^  CnH2n  +  i.HS04  +  H2O; 

like  KOH  +  H2SO4  =  K.HSO4  +  H2O, 

2(C„H2n  +  I.OH)  +  H2SO4  =  (C„H2„  +  ,)iS04  +  2H2O ; 
like  2K0H  +  H2SO4  =  K2SO4  +  2H2O,  cfec. 

Formation  0/ Alcohols, 

163.  Many  alcohols  of  the  series  OnH2n+ i*OH  occur  in  nature  as 
the  salts  of  organic  acids,  and  indeed  ready  formed  in  plants  and 
animals ;  many  of  them  result  from  the  fermentation  of  saccharine 
bodies  by  an  organised  ferment — ^yeast — and  then  accompany  ethyl 
alcohol.  In  their  synthetical  preparation  from  the  paraffins  the  use 
of  the  monochlor  substitution  products  of  these  latter  is  indispensable, 
the  conversion  of  the  chloride  into  the  nlcohol  being  usually  effected 
in  this  manner  :  the  chloride  is  first  conveiied  into  the  acetate  by 
heating  with  argentic  or  potassic  acetates  : 

CnH2„+  ,.C1  +  KO.O2H3O  =  0„H2n+  i-OXV^H.^O  +  KCl, 

and  this,  on  heating  with  potassic  hydrate  solution,  yields  the  alcohol 
and  potaasic  acetate : 

CnH2„+  i.O.CaHgO  +  KHO  =  KO.C2H3O  +  CnH2„+,.0H. 

WTien  the  paraffin  contains  more  than  two  carbon  atoms,  the  first 
action  of  chloiine  produces  isomeric  chlorides,  from  the  mixture  of 
which,  when  heated  in  the  above  way,  secondary,  <fec.,  alcohols  are 
obtained  as  well  as  primaiy.  For  instance,  propane,  by  treatment 
with  chlorine,  yields  simultaneously  primary  and  secondary  propylic 
chlorides : 

CH,  CH3  CH3 


M,  =    yCH 


ajCH.,    +   icCl,  =    yOHa      +  {x  -  y)     CHCl  +  aHCl 

'  Jl  I 

CH3  CH2CI  CH3 

and  there  are  finally  obtained  both  primary  and  secondary  propylic 
alcohols. 

Many  primary  alcohols  have  only  been  obtained  by  the  action  of 
nascent  hydrogen  upon  those  aldehydes  which  they  themselves  would 
yield  on  oxidation. 
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Secondary  aJcohoU  are  oorrespondingly  prepared  by  bydrogemaLng 
ketoneB.  Primary  alcobols  can  be  converted  into  tbose  secondary 
aloobols  wbicb  bave  tbe  OH  group  attached  to  tbe  carbon  atom  next 
to  tbe  primary  position  in  tbe  following  manner : — Tbe  primary  alco- 
bol  is  conyerted  by  debydrating  agents  (by  beating  witb  concentrated 
Bulpburic  add  or  zindc  cbloride)  into  a  bydrocarbon,  CnH2n  (olefine)  : 

CHa  =  HjO  CH 

CHa.OH  CHj 

and  tbe  latter  tben  gently  beated  witb  concentrated  bydriodic  acid. 
One  molecule  of  tbis  is  taken  up,  tbe  iodine  going  into  die  secondary, 
tbe  bydrogen  into  tbe  primary,  position  : 

CH  +  HI  =  CHI 

CHq  CH3 

The  secondary  alcoholic  iodide  is  then  converted  into  acetate  by 
heating  witb  potassic  acetate,  and  finally  into  the  secondary  alcohol 
by  treatment  witb  potaasio  hydrate. 

This  transformation  can  be  still  more  simply  effected  by  absorbing 
the  define  in  concentrated  sulphuric  acid.  By  the  same  law  of  the 
easier  combination  of  n^ative  elements  or  radicals  to  an  interme- 
diate than  to  a  terminal  carbon  atom,  the  add  sulphate  formed  is 
that  of  the  secondary  alcohol : 


CH  +  HO.SO«.OH    =    CH.O.SO2.OH 

l|  I 

CHj  CH3 

which  by  treatment  with  an  alkali,  or  by  boiling  with  a  large  excess 
of  water,  yields  the  secondary  alcohol : 

CH.O.SO.OH  +  ajHjO  =  CH.OH  +HO.SO2.OH  +  (a;-l)HjO 

CH3  inj 

Tertiary  alcohols  can  be  similarly  prepared  from  primary  alco- 
hols in  which  the  CHa-OH  group  is  directly  united  with  a  tertiarily 
combined  carbon  atom : 


CH3  CH3  CH3  OH3 

V  \/ 

CH  =  HjO  +  0 

OH,.OH  CH, 

Primary  isobntylic  alcohol.  ImbntyloM. 
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CHjCH,  CHjCH, 

0  +HI=  di 

CH,  CH, 

(Tcrtiaj7  bn^Iio  iodide  or  Wmetliyl  carUniodlde.) 

CHjCH,  OH.CH, 

CI      +  KO.CjHjO  s=     aO.CjHjO  +  KI 

CH,  in, 

CH,  CH,  CH,  CH, 

C.O.C,H,0      +  KHO  =     C.OH  +  KO.CjH,0 

OH,  CH, 

Just  the  same  resalt  is  arrived  at  bj  the  use  of  Bnlphniic  acid : 
CH,  CH,  CH,  CH, 

\/  V 

C      +  HO.SO,.OH  =      C,O.SOj.OH 

CHaCHs  CH3CH, 

C.O.SO2.OH    +  2K0H  =    C.OH  +  KO.SO2.OK  +  OHj 

CH3  CH3 

A  general  method  of  preparing  tertiary  alcohols  is  by  the  action 
of  the  chlorides  of  monobasic  add  radicals  on  the  zinc  compounds  of 
the  alcohol  radicals : 

CniH  jni+  1  CniH2m  + 1 

I  ^milw+i  ^0— Zn-C„,H,„.+  , 

CI 

Acid  chloride. 

When  the  product  of  this  reaction  is  heated  with  water,  a  paraffin, 
andc  hydrate,  and  a  tertiary  alcohol  result : 

CmHjni  +  I  Cn|H2iii  +  i 

yCm-Hjm  +  l  \y^m'i^2m'+\   +  Zn  (OH)j 

C^-Cm'Hjni M- 1  +  2H3O  =  C^-Cni'H5ni'+ 1 

^O— Zn~CV'H2m'+ 1  ^OH 

4"  Cm'Mjin'+j 

The  Alcohols. 

164.  The  homologous  serieB  CnHj^+aO  or  OnHsn+i-OH  indudes 
members  of  from  one  to  thirty  carbon  atoms,  together  with  their 
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JBoawTB.    In  many  cases  members  are  still   missing.      The  known 
members  are: 

CHjO     or  CH,.OH  methylic  alcohol 

C^HfiO     „  CHj.OH  etiyUc  alcohol. 

CjHeO     „  C,H,.OH  propyUc  alcohol. 

C<H,0     „  CiHg.OH  batylic  alcohols. 

C.,H|oO   „  C5U11.OH  amylic  alcohols. 

CgH,,©   „  L'sHij.OH  hexylic  alcohols. 

CjHuO   „  €,lIi,vOH  heptylic  alcohols. 

CgH,gO   „  CgHij.OH  octyUc  alcohols. 

CjHjoO   „  CjHig.OH  nonylic  alcoholB. 

C,oHj,0  „  CJ  flH  ,.0H  decylic  alcohols. 


C,sHj,0„  C,cHm.OH  cetylic  alcohol. 
C„Hs,0„  CjjHjj.OH  oerylic  alcohol. 
C,oH<,0  „  GaoHci.OH  meUissylio  alcohol. 


H 


Carbiml,  or  Melhylic  Alcohol,  CH,.OH  =  CH  J         ^  H— i— OH 
NOH  ^ 

16S.  CorbiDol,  commonly  called  wood  spirit,  rasnlts  from  the  dry 
distillation  of  wood ;  the  aqueous  layer  of  the  distillate  contains  in 
addition  several  other  bodies,  such  as  acetic  acid,  acetone,  &c.  Am 
the  boiling  point  of  carbinol  is  considerably  lower  than  that  of  water, 
on  distilling  tbo  wood-tar  water — previoosly  mixed  witl)  lime  to  fix 
the  acetic  acid — all  the  methylic  alcohol  is  contained  in  the  first  tenth 
of  the  distillate.  This  first  fraction  still  contains,  however,  acetone 
and  water;  to  remove  the  latt«r  it  is  rectified  over  quicklime  )  the 
distillate  contaimng  tiie  wood  spirit  and  acetone  is  added  to  fused 
calcic  chloride,  which  combines  with  Hie  first,  so  that  the  unchanged 
acetone,  which  is  readily  volatile,  may  be  driven  ofi*  by  heating  in  a 
water  bath.  The  residue,  the  compound  of  carbinol  and  calcic 
chloride,  is  now  mixed  with  water,  whereby,  witb  formation  of 
Ca01i,6H,0,  the  carbinol  is  set  free,  and  on  distillation  passes  over, 
t(^[ether  with  a  little  water.  By  repeat«d  rectification  over  quick- 
lime it  is  obtained  anhydrous.  In  the  preparation  so  obtained  there 
are  still  some  impurities  adhering  obstinately  to  it,  which  cominuii- 
cate  a  burning  taete.  It  is  obtained  quite  pure  by  conversion  into 
its  oxalate,  which,  being  crystallisable,  is  easily  jmrifinl,  and  then 
retraiisformed  into  the  ^cobol  hj  potassic  hydrate. 
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Carbinol  can  also  be  prepared  fi'oin  the  ethereal  oil  of  gauUheria 
procumbens  (the  North  American  winter-green  shrub).  This  con- 
tains methylic  salicylate,  mixed  with  hydi-ocarbons ;  the  first,  on  boil- 
ing with  an  alkali,  yields  a  salicylate  and  methylic  alcohol. 

Carbinol  is  a  colourless,  mobile,  spirituous-smelling  liquid,  of  sp.  gr. 
•814  at  4°  ;  it  boils  at  60°,  is  readily  inflammable,  and  bums  with  a 
slightly  luminous  flame.  It  mixes  in  every  proiwrtion  with  water, 
ethylic  alcohol,  and  ether,  in  the  first  case  with  diminution  of  volume 
and  evolution  of  heat.  By  oxidising  agents,  e.g.  air  in  contact  with 
platinum  black,  it  is  converted  into  formic  aldehyde  and  formic  acid. 
By  passing  its  vapour  over  heated  soda  lime  a  formate  is  produced  : 

CH3.OH  -h  NaOH  =  CHO.ONa  +  2K.^, 

It  is  a  good  solvent  for  many  substances  insoluble  in  water,  such  as 
fats  or  ethereal  oils,  and  for  many  salts ;  e.g.  calcic  chloride,  especially 
on  heating,  is  dissolved  by  it  in  considerable  quantity ;  the  saturated 
liquid,  on  cooling,  gives  leafy  crystals  of  acompoimd,  in  which  methylic 
alcohol  is  united  to  calcic  chloride  like  water  of  crystallisation.  This 
compound  is  not  decomposed  at  100°. 

OH3 

Methyl  Carbinol,  or  Ethylic  Alcohol,  C2H5.OH  =  CHa 

\ 

OH 

166.  £thylic  alcohol,  or  apirita  of  vovm,  more  commonly  known  as 
alcohol  only,  results  from  the  fermentation  of  many  saccharine  bodies, 
whereby  these  nearly  entirely  decompose  into  carbonic  anhydiide  and 
alcohol : 

CgHiaOfi  =  2C2H6O  +  2C0a. 

There  are  also  some  other  products  formed,  such  as  succinic  acid, 
glycerine,  and  higher  members  of  the  alcohol  series,  wliich  latter  are 
known  as  fusel  oils  or  fusel  alcohols. 

The  ferment  essential  to  the  alcoholic  fermentation  is  yeast,  a  one- 
celled  organism,  propagating  by  budding,  which,  under  favourable 
conditions,  causes  the  decomposition  of  the  sugar  to  occiu*  with  great 
quickness,  and  with  evolution  of  heat,  when  placed  in  contact  with  its 
solutions.  To  the  conditions  necessary  belong  the  temperature,  which 
must  not  be  below  0°  nor  above  35° ;  the  presence  both  of  ceilain 
mineral  substances  (especially  phosphates)  and  of  nitrogenous  organic 
matters,  which  serve  as  food  for  the  yeast;  and,  finally,  sufficient 
dilution  of  the  sugar  solution.  If  this  latter  be  too  concentrated  it  is 
either  not  at  all  transformed,  or  the  feimentation  ceases  in  consequence 
of  the  death  of  the  yeast  cells.  A  liquid  containing  more  than  20-22 
%  of  sugar  cannot  be  completely  fermented  by  yeast.  Many  ix)ison- 
ous  substances,  e.g.  phenol,  even  in  small  quantity  in  an  otherwise 
favourably  mixed  solution,  pi*event  fermentation  by  killing  the  yeast 
cells. 

Alcohol,  which  boils  at  a  lower  temperature  than  water,  can  be  ob- 
tained more  pure  from  the  fermented  liquid  by  fractional  distillation. 
It  18  then  found  in  the  first  fractions,  whilst  water  and  the  non-vola- 
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tile  matters — namely,  the  yeast  and  the  marc — remain  behind,  the 
latter  retaining  the  chief  portion  of  the  fusel  oils.  By  repeated  frac- 
tional distillation  the  spirit  is  obtained  more  and  more  concentrated, 
and  separated  from  the  still  lower  boiling  admixtures  (^  first  runnings '). 
The  strongest  rectified  spirit  still  contains  5-10  %  of  water  and 
some  fusel  oils.  The  first  can  be  removed  by  chemical  means,  the 
latter  by  means  of  filtration  through  porous  carbon. 

As  dehydrating  agents,  all  energetically  hygroscopic  substances 
may  be  employed,  especially  such  as  do  not  combine  with  alcohol — 
e.g.  ignited  potassic  carbonate,  quick-lime,  <kc.  Usually  the  strongest 
spirit  is  placed  on  quick-lime  for  24  hours,  with  fi-equent  shaking, 
then  distilled  from  a  water  bath,  and  the  distillate  heated  anew  in 
similar  manner.  The  last  traces  of  water  ai-e  removed  by  treatment 
with  sodium,  followed  by  distillation. 

The  smallest  traces  of  water  in  alcohol  may  be  detected  by  bringing 
it  in  contact  with  cupric  sulphate,  dried  till  colourless,  when  a  blue 
colouration  indicates  the  pi*esence  of  water. 

167.  Absolute^  i.e.  entirely  anhydrous  and  pure,  ethylic  alcohol  is 
a  colourless,  mobile  liquid  of  agreeable  odour  and  burning  taste,  of 
sp.  gr.  -8063  at  -|-  4*'  and  -7895  at  20°.  It  boils  under  normal  atmo- 
spheric pressure  at  78 "5°,  and  is  still  liquid  at  —  90°.  Easily  in- 
flamed, it  bums  with  a  bluish,  feebly  luminous  flame.  It  is  a  strong 
poison. 

Absolute  alcohol  possesses  a  very  considerable  aflfinity  for  water ; 
it  therefore  dries  damp  substances  energetically,  and  acts  as  an  anti- 
septic. On  mixing  water  with  alcohol,  heat  is  evolved,  and  contrac- 
tion, i.e.  diminution  of  volume,  takes  place.  This  is  most  consider- 
able when  52*3  volumes  of  alcohol  are  added  to  47*7  volumes  of  water, 
the  volume  of  the  mixture  being  only  96*4.  It  appears  as  if  a  com- 
pound was  formed  of  both  in  molecular  quantities,  as  these  proportions 
are  sufficiently  near  to  be  represented  by  the  formula  CaHgOjSHaO. 
Alcohol  more  dilute  than  this  does  not  apparently  act  as  a  drying 
agent. 

In  consequence  of  this  diminution  of  volume,  the  alteration  of  the 
sp.  gr.  is  not  proportional  to  that  of  the  mixture,  though  additions  of 
water  increase  the  density.  By  careful  investigations,  the  sp.  gr.  of  a 
large  number  of  synthetically  prepared  mixtures  of  alcohol  and  water 
has  been  determined,  and  by  means  of  tables  so  constructed  the 
amount  of  alcohol  in  any  aqueous  solution  may  be  ascertained  by  de- 
termining the  density. 

This  can  be  done  at  once  in  liquids  containing  no  foreign  matters, 
but  in  cases  where  non- volatile  matters  are  present,  as  in  most  alcoholic 
drinks,  this  method  can  no  longer  be  directly  applied,  and  the  follow- 
ing is  substituted : — A  given  volume  of  the  solution  to  be  tested  is 
submitted  to  distillation,  the  first  distillates,  which  contain  all  the 
alcohol,  made  up  to  the  original  volume  with  water,  and  the  gravity 
then  determined.  The  gravity  is  most  quickly  determined  by  a  hydro- 
meter, whose  scale,  inst^ui  of  sp.  gr.,  gives  the  corresponding  amount 
of  alcohol,  either  in  %  by  volume  (Tralle's  alcoholometer)  or  in  %  by 
weight  (Eichter's  alcoholometer). 

The  general  relations  between  the  mixed  contents,  by  volume  or  by 
weighliy  and  the  sp.  gr.  is  sufficiently  shown  by  the  following  table : 
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%  by  Weight  Sp.  Gr.  at  2(P.  %  by  Volume. 

100  -7895  100-0 

90  -8180  93-2 

80  -8437  85-5 

70  -8678  76-9 

60  -8913  67-7 

50  -9140  57-8 

40  -9351  46-2 

30  -9540  36-1 

20  -9688  24-5 

10  -9820  12-3 

0  -99831  00 

water  at  +  4°  bemg  taken  as  unity. 

Many  substances  are  soluble  in  alcohol ;  these  are  partly  soluble  in 
water  also,  as  calcic  chloride,  strontic  chloride,  lithic  chloride,  many 
nitrates,  d^a,  whilst  other  bodies  readily  soluble  in  water,  such  as 
potasBic  chloride,  sodic  chloride,  the  sulphates  and  carbonates  of  the 
alkali  metals,  dec.,  ore  ^ther  insoluble  or  difficultly  soluble  in  absolute 
aloc^ol.  On  the  other  hand,  alcohol  is  a  good  solvent  for  many  bodies 
difBcultly  soluble  or  quite  insoluble  in  water,  such  as  iodine,  fatty 
acids,  £ats,  alkaloids,  resinB,  colouring  matters,  drc. 

Sulphur  and  phosphorus  are  slightly  soluble  in  it.  It  absorbs 
many  gases  much  more  than  water  does ;  100  Tolumes  of  alcohol  dis- 
solve at  0**,  7  volumes  hydrogen,  28  volumes  oxygen,  13  volumes 
nitrogen,  52  volumes  methane,  353  volumes  ethylene,  433  volumes 
carbonic  anhydride,  <&c. 

JAke  metiiylic  alcohol,  it  unites  with  many  anhydrous  mineral 
salts  after  the  manner  of  water  of  crystallisation,  e.g.  with  calcic 
chloride  and  with  magnesic  nitrate. 

In  commerce  nothing  but  aqueous  alcohol  occurs,  even  that  sold  as 
absolute  still  containing  3-5  %  of  water ;  spirits  of  wine  contains  an 
amount  of  alcohol  varying  between  80  and  90  %.  Still  more  dilute 
alcohol  forms — mostly  with  small  admixtures  of  other  volatile 
peculiarly  smelling  bodies — the  different  'spirits,'  of  which  rum  (from 
fermented  sugar  molasses),  arrack  (from  rice),  and  cognac  (distilled  from 
wine)  contain  about  45-50  %  oy  volume,  the  true  brandies  only 
about  i-i  of  their  voliune  of  alcohol.  Still  poorer  in  alcohol  are 
those  alcoholic  drinks  not  concentrated  by  distillation,  but  prepared 
directly  by  fermentation  of  liquids  containing  sugar,  such  as  wine 
(with  6-15  %  of  alcohol)  and  beer  (in  mean  about  4-5  %  of  alcohol). 
When  drunk  in  aqueous  solution,  alcohol  acts  as  an  excitant,  in  larger 
quantities  as  an  intoxicant.  It  passes  from  the  stomach  and  intestines 
into  the  blood,  and  is  there  in  great  part  oxidised,  but  also  passes  in 
small  quantity  through  the  kidneys  into  the  urine. 

Propylic  Alcohols,  CaHgO  or  C3H7.OH. 

168.  Both  the  theoretically  possible  propylic  alcohols  : 

1.  Cri3  2.  CHq 


CH,        and  CH.OH 

CHa.OH  CHs 

are  known. 
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1.  Ethyl  carbinol,  or  primary  propylic  alcoholy  occurs,  mixed  with 
ethylic  alcohol  and  higher  homologues,  in  many  fusel  oils,  and  it  can 
be  obtained  directly  therefrom  with  difficulty  in  the  pure  state,  by 
very  carefully  conducted  and  repeated  fractional  distillations.  It  is 
more  convenient  to  convert  that  portion  of  the  fusel  oils  which  distils 
between  85°  and  105**  into  bromides  (by  action  of  phosphorous  bro- 
mide), from  these  to  isolate  propylic  bromide,  boiling  at  71°,  and  then 
to  convert  this  latter  into  the  acetate  (§  163),  which,  by  boiling  with 
an  alkali,  again  yields  the  alcohol. 

Ethyl  carbinol  is  prepared  synthetically  by  acting  upon  propionic 
aldehyde  with  nascent  hydrogen,  upon  propionic  anhydride  with 
sodium  amalgam,  and  by  heating  allylic  alcohol  with  potassic  hydrate. 

It  is  a  colourless,  agreeable-smelling  liqiud,  boiling  at  97**  and  of 
sp.  gr.  •812.  It  is  miscible  in  every  proportion  with  water,  but  is  sepa- 
rate again  from  this  solution  by  addition  of  readily  soluble  salts,  such 
as  calcic  chloride.  By  oxidation  it  is  converted  into  propionic  alde- 
hyde and  propionic  acid. 

2.  Dimethyl  carbinol^  secondary  propylic  alcoholy  or  isopropylic 
alcohol,  is  usually  prepared  by  action  of  sodium  amalgam  upon 
aqueous  acetone : 

CHa  CHa 

0=0      +  2H  =     CHOH 


i, 


IHa  OH3 

For  this  purpose  a  mixture  of  one  part  acetone  and  five  parts  water 
is  heated  with  sodium  amalgam  until  a  light  layer  separates  upon  the 
surface  of  the  strongly  alkaline  liqiud.  The  liquid  is  decant^  from 
the  merciuy  and  distilled  as  long  as  anything  inflammable  j)asses  over ; 
the  distillate  is  then,  after  addition  of  watei-,  again  heated  with  sodium 
amalgam,  iic,  and  this  treatment  continued  until  addition  of  the 
amalgam  causes  strong  evolution  of  hydrogen.  The  distillate  is  then 
rectified  over  ignited  potassic  carbonate,  in  order  to  render  it  anhy- 
drous, and  the  portion  distilling  below  100°  rubbed  together  with 
anhydrous  calcic  chloride.  A  compound  of  this  latter  with  isopropylic 
alcohol  is  formed,  which  L«?  mixed  with  acetone.  Under  the  ixxieiver 
of  an  air  pump  the  acetone  evaporates,  leaving  the  compound  of  calcic 
chloride  and  dimethyl  carbinol  as  a  dry  powder.  By  heating  in  a 
retort  this  decomposes  into  its  components  and  the  alcohol  distils 
over. 

Of  other  methods  of  preparing  dimethyl  carbinol  there  may  be 
mentioned  its  formation  from  the  iodide  obtained  from  glycerine  and 
from  propylene  (see  later). 

Dimethyl  carbinol  is  a  colourless  liquid  of  sp.  gr.  '791  at  15°,  boiling 
at  84°-85® ;  it  is  miscible  in  all  proportions  with  pure  water,  ethyl 
alcohol,  (fee.  •  By  oxidising  agents  it  is  converted  into  acetone. 

Butylic  Alcohols,  C4H10O  or  C4H9.OH. 

169.  Theoretically  there  are  four  possible  isomers  of  this  formula 
— namely,  two  primary,  one  secondary,  and  one  tertiary.  They  are  all 
known: 
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Derived Jfrom 


Normal  batane.  Isobutanc. 


CH3  CH3  CH3CH3  CH3CH 


CH-,  CH,  CH  C.OH 

m^  CH.OH       OH2.OR  CH3 

Primary  Tertiary 


i 


CH2.OH  OH3  Isobutylic  alcohols. 

^Primary        Secondary 

Butylic  alcoholB. 

Boiling  point     116M17°        96°-98°         106°-107°       82-5°-83° 
Melting    „  liquid  Uquid  liquid  25°-25-5° 

Sp.gr.  .     -824  at  0°         "85  at  0°  -805  -7788  at  20** 

1.  Propyl  carbinol,  or  normal  primary  htUylic  alcohol^  is  obtained 
by  action  of  nascent  hydi-ogen  upon  normal  butyric  aldehyde.  It 
results  also  from  the  action  of  sodium  amalgam  upon  a  mixture  of 
normal  butyric  acid  and  its  chloride,  as  butylic  butyrate,  which  yields 
the  alcohol  on  boiling  with  an  alkali. 

Propyl  carbinol  is  a  colourless,  agi'eeable-smelling  liquid,  miscible 
in  every  proportion  with  alcohol,  but  not  with  water.  On  oxidation 
it  yieldis  normal  butyric  aldehyde  or  acid. 

2.  Ethylrinethyl  carbinol,  normal  secowlary  butylic  alcohol,  or  buty- 
lene  hydrate,  is  most  readily  prepared  from  its  iodide  by  converting 
into  the  acetate  and  saponifying  the  latter.     Secondary  butylic  iodide 
was  first  prepared  by  action  of  concentrated  hydriodic  acid   upon 
eryihrite. 

It  is  also  obtained  from  the  so-called  bichlorether  (§  207),  when 
this  is  heated  with  zinc  ethyl : 

CHjCl  CH2CI 


2CHC1  +  Zn{C.,K^y,  =  ZnCl,  +  2OH.CH2.CH3 


b.CH, 


2-6  O.C,ll5 

the  resulting  ethyl  chlorether  heated  with  hydiiodic  acid  : 
Crl2«d  ^Ha 


CH.CH2.CH3  +  4HI  =  CH.CII2.CH3  4-  HCl  +  H2O  +  C2H5I  +  h 

I  I 

O.C2H5  I 

and  the  secondary  butylic  iodide  converted  into  the  alcohol  as  usual. 

3.  Isopropyl  carbinol,  primary  isobutylic  al<^lwl,  or  fei^nentation 
butylic  alcohol,  is  obtained  from  most  fusel  oils  by  fi-actional  distilla- 
tion. It  is  liquid,  smells  like  fusel  oil,  and  dissolves  in  alK)ut  ten 
times  its  weight  of  pui-e  water,  but  is  i-cadily  separated  fi-om  the  solu- 
tion on  addition  of  soluble  salts.  By  oxidising  agents  it  is  cbnvei'tcd 
into  isobutyiic  aldehyde  or  acid. 

4.  Trimet/iyl  carbhiol,  or  tertiary  butylic  alcohol,  is  contained  in 
small  quantity  in  many  fusel  oils,  but  is  extremely  difficult  to  se^iai-ate 
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therefrom.     It  is  generally  prepared  by  allowing  a  mixture  of  one 
volume  of  chloracetyl  and  four  volumes  of  zinc  methyl  to  remain  for  a 
long  time  at  0^,  a  crystalline  compound  separating  out  : 
CH,  CH3 

CO     +  2Zn<^]J»  =  C^Hj  +  ClZnCHj 

\  ^"»  X)ZnCH3 

CI 

which  on  treatment  with  water  yields  trimethyl  carbinol : 

CII3  CH3 


^<Ch'  +  ^"^^  =  ^'<Ch'  +  Z^{^H),  +  CH4 


O.Zn.CH3  OH 

It  is  prepared  most  conveniently  from  isobutylic  alcohol,  by  converting 
into  isobutylene,  uniting  the  latter  with  sulphuric  acid,  and  decompos- 
ing the  acid  sulphate  with  water  or  alkali.  The  complete  separation 
of  the  last  trace  of  water  from  trimethyl  carbinol  is  rather  difficult,  as 
they  form  with  one  another  a  compound  2C4H,oO,H|0,  which  bcHls 
unchanged  at  80^,  solidifies  in  a  mixture  of  ice  and  salt,  and  has  sp.  gr. 
'8276  at  0^.  On  oxidation  trimethyl  carbinol  is  mainly  converted 
into  carbonic,  acetic,  and  propionic  acids. 

PerUylic  or  Ami/lie  AlcoJioU,  CgHijO  or  CjHji.OH. 

170.  Bodies  of  this  formula  are  derived  from  the  three  pentanes  as 
follows : 

Normal  pentane  can  yield  one  primary  and  two  secondary  alcohok  : 
1.  2.  8. 

CH,  CH3  CH, 

CHj  CHj  CH, 

CH,  CHa  CH.OH 

CHj 


■2 


CH,  CH.OH 


CHj.OH  CH3  CH3 

First  or  «  Second  or  $ 


Primary  iSecondary 


Normal  amylio  alcohols. 

From    isoi)entane  two  primary,  one    secondary,  and  one  tertiaiy 
alcohol  are  derivable  : 

4.                     r>.  6.                     7. 

CH3CH3        CH3CH3  CH3CH,        CH3CHS.OH 

\/       V       \/       \/ 

CHo  CH  C.OH  CH 


i 


CH,  CH.OH  CHo  CH2 

I 


CH2.OH         CH3  CH3  CH3 

First  primary  Secondary  Tertiary  Second  primary 


iBoamylic  aloohoU. 
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and  from  tetrametiiyl  metiiane  only  a  single  primary  alcohol : 

I 
CHj — C — CH,  =  trimetbyl-carbin  oarbinol. 

CH2.OH 

Of  iheee  numbers  1,  2,  3,  4,  5,  6  are  known  with  certainty. 

1.  Normcd  butyl  carbinol,  or  normal  primary  amylic  alcohol,  has 
only  been  prepared  by  addition  of  hydrogen  to  normal  valeric  alde- 
hyde, and  from  normal  pentane,  as  a  colourless  liquid,  of  fusel  odour, 
boiling  at  137®.  It  is  insoluble  in  water,  has  sp.  gr.  '8296  at  0°,  and 
is  converted  into  normal  valeric  acid  on  oxidation. 

2.  MeikyUpropyl  carbinol^  or  first  secondary  amylic  alcohol^  is 
prepared  from  propyl-methyl  ketone  by  addition  of  hydrogen  : 

CH3  CH3 


H.2  CH2 


O1X2  CH3  CHj  CH3 

C=0        +  2H  =  (VH 

NOH 

and,  together  vrith  the  preceding,  from  the  chlor  substitution  products 
of  normal  pentane,  and  fi'om  ethyl-allyl  by  union  with  hydriodic  acid  : 

0x13  ^H-a 

CH2  +  HI  =  CHa 
CH  CHI 


CH2  CH3 

and  subsequent  replacement  of  the  I  by  OH.  It  is  a  colourless 
liquid,  boils  at  120''-122°,  and  has  sp.  gr.  '825.  By  oxidation  it  is 
converted  into  propyl-methyl  ketone. 

3.  Diethyl  carbinol,  or  /3  secondary  amylic  alcohol ,  is  prepared  by 
heating  ethylic  formate  with  zinc  ethyl : 

I  CH(C2H5)2 

C0.OC,H.,  +  2Zn<g^H»     =    Zn<g§i^  +    i„o.C,H, 

and  decomposing  the  product  with  water  : 
GH3  C'H3  ^H3  CH3 


CH2  CH2  CH2  CH2 

\/  +2H20=    \/         +  Zn(OH),  +  C2H6 

CH  CH 


6.ZnC,H4  OH 
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It  is  a  colourless  liquid  of  characteristic  fusel-like  odour ;  sp.  gr.  *832 
at  0*^  and  -819  at  16°,  and  boils  at  lie^-llT**;  on  oxidation  it  yields  a 
ketone  or  propionic  and  acetic  adds. 

4.  IsohUyl  carbinolj  or  first  primary  isoamyUc  alcohol,  is  the  longest 
Isnown /ermentcUion  amylic  alcohol.  It  occurs  invariably  in  fusel 
oils,  especially  in  that  from  potato  spirit,  and  is  separated  from  them 
by  fractional  distillation  as  an  unpleasant,  fusel-like-smelling  liquid 
of  sp.  gr.  -825  at  0°,  boiling  at  1 29^-1 30^  It  is  scarcely  soluble  in  water, 
but  mixes  in  every  proportion  with  alcohol  and  ether.  Its  vapour, 
when  inhaled,  causes  coughing  and  acts  as  a  poison.  When  quickly 
fractioned  &om  fusel  oil  it  rotates  the  plane  of  polarisation  to  the 
left  slightly,  but  loses  its  optical  activity  on  heating  for  a  long  time, 
or  quickly  if  distilled  from  caustic  alkali,  without  apparently  under- 
going any  chemical  change.  The  property  of  optical  activity,  indeed, 
appears  to  belong  not  to  the  usual  isoamlyic  alcohol,  but  to  a  small 
quantity  of  an  isomer  (71)  mixed  with  it.  By  oxidising  agents  iso- 
amylic  alcohol  Ls  converted  into  isovaleric  aldehyde  and  acid. 

5.  Methyl-isopropyl  carhinol,  secondary  isoamylic  alcohol,  also 
termed  amylene  hydrate,  is  obtained  from  the  isoamylene,  prepared 
by  heating  4  with  zincic  chloride,  by  uniting  it  with  hydriodic  add, 
and  then  converting  the  secondary  isoamylic  iodide  so  obtained 
into  the  alcohol  by  means  of  moist  argentic  oxide.  It  boils  at 
106°-108°,  and  its  vapour,  on  heating  to  200°,  splits  up  into  iso- 
amylene and  water : 


I     . 

CH.OH  =  CH  +  OHj 

I  jj 

CM3  01x2 

It  suffers  the  same  decomposition  when  mixed  with  sulphuric 
add,  without  the  aid  of  heat.  On  oxidation  it  is  probably  first  oxi- 
dised to  isopropyl-methyl  ketone,  but  that  is  very  reaiiily  further 
oxidised  to  cai*bonic  and  acetic  acids. 

6.  Ethyl-dimethyl  carbinol,  or  tertiary  amylic  alcohol,  is  obtained 
by  the  action  of  zinc  methyl  on  propionic  chloride  : 

CH3  CHa 


CII,      +  2Zn<g2»  =  CH,  +  Zn<^j" 


3 


01  O.Zn.CH. 


and  decomiK)sition  of  the  product  by  water.  It  boils  at  about  100°, 
appears  not  to  solidify  at  —10",  and  on  oxidation  yields  carbonic  and 
acetic  acids. 

7.  Second  primary  isoamylic  alcohol  is  probably  the  active  admix- 
ture in  fermentation  amylic  alcohol  (4),  which,  though  of  nearly  the 
same  boiling  point  (125^-129°),  still  shows  some  diSerence  from  the 
'  active,'  especially  in  the  properties  of  the  respective  acid  sulphates. 

8.  Trimethyl-carbin  carbinol  is  not  known  at  present. 
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Uexylic  Alcohols,  C5H14O  or  C5HJ3.OH. 

^71.  Of  the  (16)  possible  hexylic  alcohols  only  some  are  known  of 
stDl  in  part  doubtful  constitution. 

1.  Amyl  carbmoly  or  normal  primary  hexylic  alcolwt: 

18  prepared  mixed  with  butjl-methyl  carbinol : 

bj  treatment  of  the  mixed  first  chlor-substitution  products  of  normal 
hexane  with  potassic  acetate,  and  sapoBification  of  the  resulting  ace- 
tates. The  mixture  of  alcohols  so  formed,  boiling  at  149°-152^, 
yields  on  oxidation  caproic  acid,  CH3.CH2.CH2.CH2-CH2.CO.OH, 
and  methyl-butyl  ketone,  CHs.CH2.CH2.CH2.CO.CH3. 

In  the  pure  state  it  is  obtained  from  the  ethereal  oil  of  llera^ 
deum  giganteum^  which  consists  of  hexylic  butyrate  and  octylic  ace- 
tate ;  by  treatment  with  alcoholic  potasisic  hydrate  the  alcohols  are 
liberated,  and  are  then  separated  by  fractional  distillation ;  it  boils  at 
157**-!  58®,  has  sp.  gr.  -819  at  23°,  and  gives  normal  caproic  acid  on 
oxidation. 

2.  MethyUhutyl  carbinol,  or  first  normxd  secondary  Iiexylic  alcoJujl, 
CH3.CH2.CH2.CHa.CH(OH).CH3,  is  prepared  from  its  iodide  (ob- 
tained by  distilling  mannite  with  hydriodic  acid) : 

CH3.CH2.CH2.CH2.CHI.CH3, 

by  decomposition  with  moist  argentic  oxide,  as  a  colourless  liquid 
insoluble  in  water,  boiling  at  137°  and  of  sp.  gr.  '8327  at  0°.  On 
oxidation  it  gives,  as  already  mentioned,  methyl-butyl  ketone. 

3.  Ethyl-propyl  carhirwl,  or  second  normal  secondary  hexylic 
alcohol,  CH3.CH2.CH2.CH(OH).CH2.CH3,restdt8  from  the  decomposi- 
tion of  bichlor  ether  with  zinc  ethyl : 

CH2CI  CH2.CH2.CH3 

CHCl         +  Zn<^«5*  =  Zi^Cl2  CH.CHa.CH3 

.C2H5  O.CaHj^ 

conversion  into  its  iodide  by  hydriodic  acid : 

C/H2.CH2.OH3  OH2.CH2*^H3 

CH.CH,.CH,  +  2HI  =  HjO  +  CH.CH,.CH,  +  CjHsI 

I 
KC2H5  I 

and  decomposition  of  this  latter  by  moist  argentic  oxide. 

4.  Dimethyl'propyl  carbinol : 

^J}3>C(OH)-CH2-CH2— CH3, 

is  prepared  from  butyric  chloride  and  zinc  methyl ;  it  1x>ils  at  115* 
and  yields  acetic  and  propionic  acid  on  oxidation. 

K 


A. 
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5.  Dimethyl-i802)ropyl  carbinol :  ^ 

gH3>C(OH)-CH<g];3 

results  from  the  action  of  isobutyric  chloride    f  Cl.CO.CH^ptj*) 

on  zinc  methyl.  It  boils  at  11 2°-l  1 5**,  and  solidifies  at  —40°  to  a  crys- 
talline mass. 

6.  Dicthyl-methyl  carbinol : 

is  prepared  in  similar  manner  from  acetic  chloride  and  zinc  ethyl. 
It  boils  at  120°,  and  is  completely  converted  into  acetic  acid  by  oxi- 
dation. 

7.  FernuyU-ation  hexylic  alcohol,  or  caprot/lic  alcohol^  is  separated 
from  the  fusel  oil  of  the  marc  of  grapes  by  fractional  distillation.  It 
is  a  light  unpleasant- smelling  oil,  boiling  at  148°-150°,  and  yielding 
caproic  acid  on  oxidation.  Its  constitution  has  not  yet  been  deter- 
mined. 

8.  Methyl'tH'niethyl-carhin  carbinol^  CIT3.CH.(OH).C^^H3,  is  pre- 

XJHj 
jmi-ed  by  action  of  nascent  hydrogen  on  pinacoline.     It  boils  at  120°, 
has  sp.  gr.  '834,  and  at  low  temperatures  solidifies  to  crystals,  melting 
at  14°;  on  oxidation  it  first  yields  the  ketone  Cll3.CO.C(CH3)3,  and 
finally  carbonic  and  trimetlmoetic  acid. 

Jlcptylic  Alcohols,  GjUiqO  or  C7II15.OH. 

172.  A  primary  heptylic  alcohol  of  unknown  constitution,  oenan- 
thylic  alcohol,  is  contained  in  the  fusel  oil  of  wine.  It  boils  at  165°, 
and  on  oxidation  gives  oenanthic  acid,  C7H14O2.  By  the  distillation 
of  castor  oil  with  a  fixed  alkali  a  primary  ccnanthylic  alcohol  is 
formed,  which  appears  to  be  the  normal 

GH3.Cll2.Cri2.CH.2.CH2.CIl2.Crl2'^l^, 

as  it  yields  the  same  oenanthic  acid  on  oxidation  as  the  normal  pri- 
mary alcohol  from  normal  heptane.  This  latter  alcohol  boils  at 
170°-172°.  At  the  same  time  that  its  chloride  is  formed  from  normal 
lieptane,  a  sexx)ndary  chloride  is  also  foimed,  from  which  a  normal 
secondary  heptylic  alcohol  or  methyl-amyl  carbinol : 

CH3.CHa.CH2.Cn2.CIl2.Cn(OH).Cri3, 

is  obtained  as  a  liquid  boiling  at  160°-162°. 

Dipropyl  carbinol,  CIl3.CH2.CH2.CH(OH).Cll2.CIl2.CH3,  is  ob- 
tained by  the  action  of  nascent  hydrogen  on  dipropyl  ketone.  It  boils 
at  149°  and  has  sp.  gr.  '814  at  25°. 

Isohcxyl  carbinol,  pu^^CH.CHa.CHj.CHj.CHg.OH,  is  obtained, 

togetlier  with  the  next-mentioned  body,  from  the  products  of  the 
chlorination  of  ethyl  isoamyl,  which  are  converted  into  acetates  and 
then  saponified.  It  boils  at  1G3°-1G5°,  and  yields  isocenanthic  acid 
on  oxidation. 
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^    Isoamylrmethyl    carbinol,    ^^3\,cH.CH2.CH2.CH(OH).CH3,  is 

prepared  by  the  reduction  of  methyl-isoainy]  ketone  by  sodium  amal- 
gam. It  boils  at  148°-150°,  possesses  a  fusel-like  odour,  and  has 
sp.  gr.  -8185  at  17°. 

laobutyl-dimethyl  carUnol,  ^^3>CH.CHa.C(OH)<^^3,  is  pro- 
duced by  action  of  zinc  methyl  on  valeryl  chloride.  It  is  a  colourless 
liquid,  of  camphoraceous  taste  and  smell,  boils  at  129^-131°,  and  yields 
acetic  and  isobutyric  adds  on  oxidation. 

Diisopropyl  carhinol,  pjt'^CH.CH(OH).CH<^tt^  prepared  by 

action  of  nascent  hydrogen  on  diisopropyl  ketone,  is  a  liquid  of  plcius- 
ant  ethereal  odour,  boiling  at  13P-132°  and  of  sp.  gr.  -8593  at  0°. 

Propyt-eUiylr^iiethyl  carhinoly  CH3.CH2'CJH2-^C.OH,  prepared  by 

the  successive  actions  of  zincic  mothide  and  ethido  and  water  on 
normal  butyric  chloride,  boils  at  135"-133°. 

Trietliyl  carbinol,  /-.TT^Y,tr^]^C(OH).CH2.CH3,  is  obtained  by  the 

3*  * 

action  of  pi-opionic  chloride,  (CII3.CH2.CO.CI),  ui)on  zinc  ethyl.  It 
boils  at  U0°-142%  and  is  viscid  at  -20°. 

IsopropyUeihyl-fnethyl  carhinol^  p,TT^^CH.C(OIl)^pTT^  pxr  1    is 

3  3*       3 

obtained  by  the  successive  actions  of  zincic  ethide  and  methido  and 
of  water  on  isobutyric  chloride.     It  boils  at  124°-127°. 

^'^^3\  QYi 

Triineihylrcarhin-diviethyl  carbinol,  CI{^-^G.C(OII)<^jt'^,  is  ob- 

taiued  by  the  successive  actions  of  zincic  methide'  and  water  on  tri- 
methacetic  chloride.  It  foi-ms  long  needles,  melting  at  17°,  and  boils 
at  123^-132°. 

Octylic  Alcohols,  CgHigO  or  CgHiy.OH. 

173.  The  ethereal  oil  of  Heradeum  spondylium  consists  mainly 
of  the  acetate  (boiling  at  206°-208°)  oi  primary  normal  octylic  alcohol, 
CH3.CH2.CH2.CH2.CH2.CH2.CH2.CH2.OH.  The  same  body  is  con- 
tained, along  with  hexylic  butyrate,  in  the  oil  of  Heradeum  gigaii- 
teiim.  The  alcohol  obtained  by  saponification  with  potash  boils  at 
190°-192°,  has  sp.  gr.  '83  at  16°  and  a  peculiar  penetrating  odour. 

Methyl-Jiexyl  oarbinol,  or  a  twrmal  secondary  octylic  alcohol : 

CH3.CH2.CH2.CH2.CH2.CH2.CH(OH).CH3, 

is  obtained  from  the  distillation  of  castor  oil  with  potassic  hydrate, 
and  from  the  first  chloi^-substitution  products  of  normal  octane.  It  is 
an  oily  liquid,  boiling  at  181°,  and  yields  by  oxidation  first  methyl- 
hexyl  ketone  and  later  acetic  and  caproic  acids. 

Elhyliaoamyl  carbinol,  CH3.CH2.Cn(OH).CH2.CH2.CH<^{j3^ 
boils  at  182^-186°. 

K  2 
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Dieikt/l-propi/l  carhiiiol : 

CH3.CH,.CH,.C(0H)<^JJ«;^{J», 

8*  3 

is  a  tertiary  alcohol  prepared  by  the  action  of  zinc  ethyl  upon  butyric 
chloride.  It  is  not  yet  known  quite  pure,  but  boils  between  145® 
and  155°. 

Nonylic  Alcohol^  C^HjoO  or  CqHjq.OH. 

174.  At  present  there  is  only  a  single  body  of  this  formula  known ; 
it  is  prepared  from  petroleum  nonane,  boib  at  about  200°,  and  is  pro- 
bably methyl-Jieptyl  carbinoL 

Decatylic  Alcohol,  C10H22O  ^  C10H21.OH. 

176.  The  only  alcohol  of  this  formula  known  with  any  certainty  is 
that  obtained  by  action  of  zinc  ethyl  upon  bromacetic  bromide,  and 
has  probably  the  constitutional  formula  : 

\/ 
CH 


5 
5 

OH 


Its  boiling  point  is  very  low — namely,  155°-157®. 

176.  Alcohols  of  the  formulae 

C11H24O,  C12H26O,  C13H28O,  C14H30O,  and  CiftH320 

have  not  yet  been  prepared,  but  there  are  some  higher,  naturally 
occurring  members  of  the  series  known ;  about  whose  constitution  no- 
thing is  ascertained. 

177.  Cett/lic  alcohol,  or  etfial,  Oie,H340  ^  C16H33.OH,  is  prepared 
from  spermaceti  (cetylic  palmitate)  by  long  boiling  with  alcoholic 
potassic  hydrate : 

C,6H33.0.Ci6H3iO  +  KOH  =  C,6H330H  +  KO.CifiHji.O. 

After  the  action  is  finished,  the  cetylic  alcohol  is  precipitated  by  addi- 
tion of  water  (in  which  potassic  palmitate  is  soluble)  and  puniQed  by 
crystallisation  from  alcohol. 

Ethal  so  obtained  crystallises  in  leaves,  fuses  at  49°-50°,  and  by 
careful  heating,  best  in  a  stream  of  gas,  can  be  slowly  volatilised.  It 
is  completely  insoluble  in  water. 

17o.  Cerylic  akofiol,  02711^60  =  C27H.,5.0H,  forms  as  its  cero- 
tate  the  chief  constituent  of  Chinese  wax,  from  which  it  can  be  pre- 
pared in  manner  similar  to  that  of  cetylic  alcohol  from  spermaceti 
It  is  more  usual  to  fuse  the  Chinese  wax  with  potassic  hydrate  con- 
taining a  little  water  : 

C27H,5.0.C27H530  +  KOH  =  C27H55.OII  +  C27H5,O.OK, 

and  to  then  extract  the  potassic  cerotate  from  the  cooled  mass  with 
water.  The  undissolved  cerylic  alcohol  is  then  purified  by  crystalli- 
sation from  ether.  It  fuses  at  79°  and  soUdifies  on  cooling  to  a  wax- 
like mass. 
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179.  MeUisMylic  or  mipricylic  alcohol^  CgoH^jO  or  CgoHgj.OH. 
lliat  portion  of  bees'  wax  insoluble  in  boiling  alcohol,  consists  of 
meUia^lic  palmitate,  CgoHgj.O.CigHaiO,  which,  by  similar  treatment 
to  that  above  given  for  spermaceti  and  Chinese  wax,  yields  mellissylic 
alcohol.  It  is  crystallisable,  and  fuses  at  88°.  One  of  its  salts  also 
occars  in  ih&  wax-like  surface  of  the  leaves  of  Copemioa  cerifera,  the 
soHalled  camuba  wax. 

Haloid  Oohpohnds  of  the  Alcohol  Kadicals. 

Formation. 

180.  As  already  mentioned,  the  halogen  compounds  of  the  mono- 
valent alcohol  radicals  can  be  partly  prepared  from  the  paraffins  by 
direct  substitution  of  a  hydrogen  atom  by  a  halogen  atom ;  but,  as 
fluorine  is  unknown  in  the  free  state,  and  as  iodine  acts  upon  them 
with  little  eneigy,  this  method  of  preparation  from  the  hydrocarbons 
is  reduced  to  one  for  chlorides  and  bromides  only.  The  procedure 
has  been  already  given. 

The  alcohols  are  the  materials  generally  employed  in  the  prepara- 
tion of  these  bodies. 

The  reaction  is  analogous  to  the  conversion  of  metallic  hydrates 
into  halogen  compounds  by  action  of  the  haloid  acids  : 

CnH2n  +  i»OH  +  HF  =  CnH2ii  +  j  F  +  HjO 

CnH2n+i'0H  -I-  HCl  =  CnH2n  +  iCl  +  H2O     . 

CnH2„  +  i.OH  +  HBr  =  C„H2„+  jBr  +  HgO 

^0^20  + 1 'OH  +  HI  =  CnH2n+iI  +  H2O 

The  usual  method  is  as  follows  :  the  alcohol,  rendered  as  anhy- 
drous as  possible,  is  saturated  with  the  gaseous  acid  (of  which  it  is  a 
very  powerful  absorbent),  the  reaction  being  assisted  by  the  applica- 
tion of  heat,  and  the  miicture  then  separated  by  fractional  distillation, 
if  the  boiling  points  of  the  alcohol  and  haloid  salt  permit ;  or  if  the 
alcohol  be  soluble  in  water,  and  the  haloid  salt  insoluble,  this  latter 
can  be  precipitated  by  addition  of  water,  separated  mechanically  from 
the  aqueous  alcoholic  layer,  and  purified  by  distillation. 

Instead  of  preparing  the  acid  gases  in  other  vessels,  and  then  con- 
ducting them  into  the  alcohol,  the  preparation  and  action  are  often 
conveniently  combined.  By  gently  heating  an  alcohol  with  common 
salt  and  sulphuric  acid,  there  results,  e.g.,  an  alcoholic  chloride  : 

C„H2n  +  ,.0H  +  NaCl  +  H2SO4  =  CnH2n+iCl  +  NaHSO^  -f  H2O. 

The  equation  given  expresses  the  reaction  of  the  ingredients — so 
far  aa  they  ensue — truly,  but  the  numl)er  of  reacting  molec\iles  by 
no  means  corresponds  to  the  whole  mass  employed.  An  equal  number 
of  molecules  of  alcohol  and  haloid  acid,  brought  into  reaction,  yield 
under  no  circumstances  the  same  number  of  molecules  of  new  pro- 
ducts, as  in  every  case  a  ceiiain  numl)er  of  the  ingredient  molecules 
remain  unchanged.  The  true  result  is  therefore  expressed  according 
to  the  following  equation : 

aC„H2„+,.0H  4-  aHCl  =  6C;H2n  +  iCl  +  ^20 
+  (o-*)C„H2n+,.0H  +  (a-6)HCl, 
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whemn  the  I'clativo  values  of  a  and  b  depend  on  the  one  hand  on 
the  amount  of  affinity,  on  the  other  on  the  temperature.  The  rela- 
tive proportion  of  the  ingredients  at  starting  has  also  an  essential 
influence  on  the  yield,  i.e.  the  relative  quantities  of  the  end  products. 
If  it  is  desii*ed,  for  instance,  to  convert  as  much  as  possible  of  the 
alcohol  employed  into  the  haloid  salt,  it  is  needful  to  bring  as  much 
acid  as  possible  into  the  reaction  ;  this  latter,  however,  would  be  itself 
more  completely  converted  if  the  alcohol  were  in  large  excess. 

The  conversion  of  an  alcohol  into  the  haloid  salt  is  effected  fiir 
more  readily  by  use  of  the  haloid  compounds  of  sulphur  or  phos- 
phorus, instead  of  the  haloid  acids,  as  these  exchange  halogen  for 
oxygen  or  hydroxy  1,  with  much  gi*eater  readiness  than  is  the  case 
with  the  hydrogen  haloids.  The  phosphorus  haloids  generally  are  em- 
ployed, of  which  the  pentachloride  and  pentabromide  react  very  com- 
pletely ;  e.g. 

PCI5  +  CnHan+i.OH  =  C„H2n+,.Cl  +  POCI3.  +  HCl. 

The  phosphorus  compounds  give  up  the  whole  of  the  halogen 
easily,  so  that  larger  quantities  of  the  alcohols  can  be  attacked  : 

PCI5  +  4C„H2,  +  ,.OH  =  PO(OH3)  i-  HCl  +  4CnH2„  +  ,Cl, 

the  haloid  acid  also  being  able  to  act  on  farther  quantities  of  the 
alcohol ;  but  by  so  working  a  large  quantity  of  the  alcohol  is  invaria- 
bly lost,  as  flir  as  the  intended  conversion  into  haloid  is  concerned, 
the  phosphoric  acid  formed  attacking  the  alcohol  with  formation  of 
ethereal  phosphates  and  at  the  same  time  of  water,  whose  presence 
prevents  the  completion  of  the  desired  reaction. 

The  same  objections  apply  to  the  use  of  phosphorous  trichloride, 
that  leading  to  the  formation  of  phosphites  and  water. 

A  simple  method,  especially  for  the  preparation  of  secondary  and 
tertiary  iodides,  consists  in  the  addition  of  the  elements  of  the  haloid 
acids  to  the  olefines,  the  hydix>carl)ons  of  the  series  CnHjn,  of  which 
method  fi-equent  mention  has  already  been  made  (§  163,  <kc.) 

Geiui^ral  Propertus. 

181.  The  haloid  compounds  of  the  alcohol  radicals  are  without 
exception  colourless,  generally  agreeable-smelling  liquids,  far  leas 
soluble  in  water  than  the  corresponding  alcohols.  They  are  mii-:cible 
with  alcohol  in  every  proportion.  By  water  thoy  are  decomposed  to 
some  extent,  the  reaction  lieing  the  revei-se  to  that  of  their  forma- 
tion : 

«C„H2,+  iCl  4-  ^'HOH  =  cCnH2„+  ,.0H 
+  cHOl  +  (^*-c)C«H2«  +  j.Cl  -h  (6-c)H20. 

The  reaction  can  be  rendered  nearly  complete  by  employing  the  water 
in  very  largd  excess,  and  assisting  the  reaction  by  heat. 

The  alkalies — best  in  alcoholic  solution — act  more  energetically 
than  water  on  these  salts,  the  alcohol  being  thereby  partly  re- 
generated : 

CnH2n+  iCl  -h  KOH  =  KCl  +  C„H2n+  ,.0H. 

But  to  a  much  greater  extent  the  hydroxyl  of  the  alkaline  hydrates 
acts  as  an  oxidising  agent,  and,  instead  of  attaching  it«elf  to  the 
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carbon,  removes  the  hydrogen  atom  from  the  neighl>oiiring  carbon 
atom,  with  formation  of  water  and  an  olefbie : 

CHg  +    OH  =  HOH   +     CH 

I  I  I. 

CH2.CI  K  KCl  CHj 

CH3  CH3  CH3  CH, 

\/  \/ 

C— I  4-  K  =  KI   +  (J 


CH3  OH   IIOH  CHj 

Usually  and  most  completely  the  alcoholic  iodides  ai*e  I'econ verted 
into  the  alcohols  by  treatment  with  moist  freshly  precipitated  argentic 
oxide : 

C„H„  +  ,1  +  AgOH  =  Agl  +  C„Hj„+  ,.0H ; 

still  better  by  heating  with  potassic  acetate  and  subsequent  saponifiGa- 
tion  with  alkali  (§  163). 

182.  The  alcoholic  haloid  salts  can  be  reconverted  into  the 
paraffins  by  treatment  with  nascent  hydrogen,  especially  in  presence 
of  strongly  positive  metals ;  the  iodides,  in  addition,  by  heating  with 
concentrated  hydriodic  acid  (§  149)  or  with  zinc  and  water  : 

CnHs^  +  iCl  +  Zn  +  HCl       =  CnHj^  +  ^  +  ZnClj, 

OnHjn+iI  -f  HI  =  CnH2n  +  2  +  ^2 

2CnH2„  +  iI  +  2Zn  +  2OH2  =  2C„H2n  +  2  +  ^nlg  +  Zn(0H)2. 

The  fluorides  of  the  alcohol  radicals,  formed  by  passing  hydro- 
fluoric acid  into  the  alcohols^  are  scarcely  kno^Ti. 

CMoTvlea  of  the  Alcohol  Jiadicals,  CnH2n+i01. 

183.  Methylic  chUn^iJe,  or  monochlormethane,  CH3.CI,  is  readily 
obtained  as  a  colourless  gas,  by  slightly  heating  a  mixture  of  one  part 
of  wood  spuit  with  two  parts  of  sodic  chloiidc  and  throe  parts  of  con- 
contrated  sulphuric  acid ;  it  is  purified  by  washing  with  water,  then 
dried  by  passing  over  calcic  chloride,  and  finally  passed  into  vessels 
cooled  by  immersion  in  a  mixture  of  ice  and  crystallised  calcic  chloride, 
wherein  it  condenses  to  a  colourless  mobile  liquid,  whose  boiling  point 
is  —24°  to  —22°.  Methylic  chloride  possesses  an  agreeable  ethereal 
odour  and  a  sweet  taste ;  its  vapour  density  is  1*736 ;  it  is  soluble  in  J 
of  its  volume  of  water  and  Jy  of  its  volume  of  alcohol.  With  chlorine 
in  difliised  daylight  it  yields  further  substitution  products  : 

CH2CI2,  CHCI3,  and  CCI4. 

184.  Ethylic  cldorvle,  moiwchlorethajie,  C2II5CI  ^  CH3.CH2GI. 
It  is  prepared  either  by  distilling  alcohol  with  double  its  weight  of 
sodic  chloride  and  sulphuiic  acid,  or  by  saturating  well-cooled 
absolute  alcohol  with  hydrochloiic  acid  gas,  letting  the  mixture  stand 
some  days  in  well-closed  vessels,  and  then  distilling  on  a  water  bath  ; 
the  evolved  vapours  arc  washed  with  hike- warm  water,  diied  by  calcic 
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chloride,  and  condensed  in  veasels  cooled  below  0^  The  reaction  in 
this  and  analogous  cases  is  much  facilitated,  and  rendered  more  com- 
plete, by  the  presence  of  powerful  dehydrating  agents,  especially  by 
zindc  chloride.  It  also  results  from  the  continued  heating  of  a 
gaseous  mixture  of  ethylene  and  hydrochloric  acid  : 

Crl2  Cri3 

II  +HC1=      1^ 

£thy]ic  chloride  is  an  extremely  volatile,  colourless  liquid,  of  sp.  gr. 
'9214  at  0'',  boiling  at  11  ""-1 2°.  It  is  readily  inflammable,  and  bums, 
like  all  chlorine  compounds,  with  a  green-bordered  flame.  It  is  UtUe 
soluble  in  water  fin  50-60  partft),  but  in  all  proportions  in  absolute 
alcohol.  With  cnlorine  in  daylight  it  gives  higher  substitution  pro- 
ducts :  C2H4CI2,  C2H3CI3,  C2H2CI4,  C2HCI5,  and  finally  C^Cls- 

186.  Two  propylic  chlorides  are  known  corresponding  to  tiie  tw- 
mula  C3H7CI. 

Normal  propylic  chhriile,  CH3.CH2.CH2CI,  is  obtained  from  normal 
propylic  alcohol,  in  manner  similar  to  the  above,  as  a  liquid  nearly 
insoluble  in  water,  boiling  at  46*5^. 

Secondary  or  iaopropylic  chloride^  CH3.CHCI.CH3,  obtained  fix>m 
isopropylic  alcohol,  boils  at  36^-38°.  It  is  also  formed  by  union  of 
hydrochloric  add  with  propylene  gas : 

OH3  CH3 

CH         +  HCl  =  CHCl 


CH2  CH3 

186.  Butylic  cJilorirleSf  C^HgCl.  Four  isomers  of  this  formula 
exist,  corresponding  to  the  four  butylic  alcohols,  from  which  they  are 
generally  prepared.     They  are : 

1.  2.  3.  4. 

GH9  ^^Hs  CH3  CH3  CJrl3  CHa 


CH, 


CH,  CH  CCl 


2 
€H2  CHCl  CH2CI  CH3 

CH2.CI        CH3 
Boiling  point        77°-78*  1  68-5°  50o-5P 

Sp.  gr.  .  -894  -8789 

.Primary         Secondary  ^Primary  Tertiary 

Kormal  butylic  chlorides.  Isobut^iic  chlorides. 

187.  Of  the  higher  homologues  it  will  suffice  to  mention 
Primary  normal  amylic    cfdoridey    CH3.CH2.CH2.CH2.CH2.CI, 
boiling  at  106^-107^ 

CH 
Primary  isoa/mylic  chloride,  pu*^CH.CH2.CH2.Cl,  boiling  at 

102^ 

The  boiling  point    of   the    normal  primary  hexylic    chloride^ 
CH3.CH2.CH2.CH2.CH2.CH2CI,  prepared  from  hexane,  is  125^28**. 
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Normal  primary  octi/lw  chloride  boils  at  180'5°,  and  has  sp.  gr. 
•8802  at  16^  - 

Gttylic  chloride^  C1QH33CI,  is  a  liquid  which  cannot  be  distilled 
without  decomposition. 

Bromides  of  the  Alcohol  Badicals,  CnHgn+i.Br. 

188.  The  bromine  compounds  of  the  alcohol  radicals  are  mostly 
prepared  by  action  of  phosphoric  bromide  on  the  alcohols.  Instead 
of  first  preparing  that  body  in  the  pure  state,  and  then  bringing  it  in 
contact  with  the  alcohol,  it  is  more  convenient  to  pour  over  one  part 
of  amorphous  phosphorus  six  times  its  weight  of  the  alcohol,  and 
then  to  add  slowly  about  six  parts  of  bromine  with  continued  shaking 
and  careful  cooling.  The  bromide  is  separated  from  the  alcohol  by 
distillation. 

Methylic  bromide,  CHsBr,  is  a  colourless  liquid,  boiling  at  ^-  13®, 
of  sp.  gr.  1*664  and  of  vapour  density  3*293. 

EUiylic  bromide,  C2H,^Br,  boils  at  39°  and  has  q).  gr.  1*4. 

Fropylic  bromides : 

Normal  propylic  bromide^  CH3.CH2.CH2Br,  boils  at  7P  and  has 
at  0**  sp.  gr.  1  388. 

Isopropylic  bromidcy  CH3.CHBr.CH3,  of  sp.  gr.  1*32  at  13°, 
boils  at  60°-63°. 

Of  the  butylic  bromides,  C^HgBr,  there  are  known  the  normal 
primary,  CHj.CHa.CHa.CHaBr,  of  sp.  gr.  1*305  at  0°,  and  of  boiling 
point  100°-1 00-5°;  and 

Primary  isobtUylic  bromide,  p,xT^^CH.CH2Br,   which   boils  at 

92°. 

Amylic  bromides,  C^HuBr : 

Normal  primary  amylic  bromide,  CHs.CH2.CH2.CH2.CH2Br, 
boils  at  128*7°,  and  has  sp.  gr.  1*246  at  0^ 

CH 
Primary  isoamylic  bromide,  ptr^CH.CH2.CH2Br,  boils  at  119°. 

Secondary  woamy/tc  ^romtrfc,  pu^^^CH.CHBr.CHj,  at  113°;  it 

is  obtained  from  isoamylene  by  heating  with  hydrobromic  acid. 

Higher  homologues  are  little  known ;  of  them  only  normal. primary 
octylic  bromide,  a  liquid  boiling  at  198°-200°,  is  worth  mention. 

Iodides  of  the.  Alcohol  Rajdicals,  CnHjn+iI. 

189.  The  iodides  of  the  alcohol  radicals  can  all  be  prepared  from 
the  corresponding  alcohols ;  the  usual  method  is  exactly  the  same  as 
that  given  for  the  bromides.  It  consists  in  placing  one  part  of 
amorphous  phosphorus  in  five  to  ten  parts  of  the  alcohol,  and  dis- 
tilling after  addition  of  ten  parts  of  iodine. 

Instead  of  amorphous  phosphorus  the  ordinary  modification  can 
be  employed;  the  method  of  proceeding  will  be  described  under 
ethylic  iodide. 

Secondary  and  such  tertiary  iodides  as  have  the  iodine  in  union 
with  a  carbon  atom  which  is  attached  to  a  CH3  group,  can  be  pre- 
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p;ire<l  fi*om  the  i*e8i)ective  olefines  (CnHjn)  by  heating  with  ooncen- 
tmied  hydiiodic  acid  (§  163).  At  higher  temperatures  the  secondary 
comiK)und8  easily  decompose  again  into  the  olefine  and  hydriodic 
acid. 

All  these  iodides  turn  brown  on  exposure  to  light,  from  separation 
of  iodine,  a  paraffin  being  formed  at  the  same  time : 

2CnH2n+iI  ^  I2  +  Cn"^2n+2* 

190.  Methylxc  iodide,  CH3I,  is  a  colourless,  sweet-smelling  liquid, 
nearly  insoluble  in  water,  boils  at  44°-45°,  and  has  sp.  gr.  2'199. 

191.  Ethylic  iodide,  CH3.CH2I,  can  be  prepai'ed  as  follows  :  A 
mixture  of  one  part  phosphorus  with  four  parts  absolute  alcohol  is 
placed  in  a  retort  connected  with  an  invei-ted  condenser,  and  ten 
pin*t8  of  iodine,  either  solid  or  dis.solved  in  alcohol,  gradually  added. 
Phosphorous  iodide  is  formed  with  evolution  of  heat,  which  immedi- 
ately reacts  on  the  alcohol,  the  liquid  generally  entering  into  spon- 
taneous ebullition.  It  is  finally  gently  heated  on  the  water  bath  for 
an  hour,  and  the  product  distilled  off.  The  distillate  is  then  shaken 
with  water  to  remove  alcohol,  and  the  separated  iodide  dried  over 
calcic  chloride  and  distilled. 

Ethylic  iodide  is  a  colourless,  strongly  refractive  liquid  of  pleasant 
sweetish  taste,  of  sp.  gr.  1*946  at  16°  and  boiling  at  72°. 

192.  Propylic  Iodides. — Normal propylic  iodide,  CH3.CH2.CH2.T, 
has  sp.gr.  1782  at  0°  and  boils  at  102°. 

laopropylic  iodide,  CH3.CHI.CH3,  is  usually  prepared  from  gly- 
cerine by  means  of  iodine  and  amorphous  phosphorus.  Propylene 
and  allylic  iodide  are  formed  and  are  converted  into  isopropylic  iodide 
by  excess  of  hydriodic  acid  : 

CH,.OH  OH, 


A 


2-^"  V/XX2 

H.OH  +  SHI  =  3HoO  -f  I2  +  OH 


)Il2.0II  CH2.I 

AUvlic  iodide. 


GH2  GH2 

II  I 

CH     +  111=  I,  +   CH 


OH2I  CHj 

Prt)pvlenc. 
CII2  CH3 

I!  I 

(Jii  +  Hi=  cm 


C1I3  CH3 

laopropylic  iodide. 

It  boils  at  89°  and  has  at  0°  sp.  gr.  1*735;  it  is  not  miscible  with 
water. 

193.  Butylic  Iodides,  C4H9I. — Normal  2yrimary  butylic  iodide, 
CH3.CH2.CH2-C'H2l,  obtained  from  the  normal  primary  alcohol, 
boils  at  129°,  and  has  sp.  gr.  1-643  at  0°. 

Normal  secondary  butylic  iodide,  Cir3.CII2.CIII.CH3,  resultfi,  by 
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a  similar  reaction  to  that  for  iaopropylic  iodide,  by  heating  erythrite 
with  hydriodic  add : 

CHa.OH  CII, 

I  I 

CH.OH  CHa 

I  +  7HI  =  4H2O  +  3I3  +    I 

CH.OH  CHI 

CH2.OH  CH, 

It  boila  at  117**-118*,  and  has  sp.  gr.  1-6  at  20^  It  is  con- 
verted into  the  normal  secondary  (dcohol  by  treatment  with  moist 
argentic  oxide. 

Primary  isobutylic  iodide,  pTT*]>CH.CHjI,  obtained  from  fer- 
mentation butylic  alcohol,  has  sp.  gr.  1*592  at  22°,  and  boils  at 
120  5^ 

Tertiary  isobutylic  iodide,  or  irimethylrcarhin  iodide : 

is  most  easily  prepared  from  isobntylcne  and  hydriodic  acid.  Its 
boiling  point  is  99*^. 

194.  Amylic  Iodides, — Normal  primary  amylic  iodide  : 

Gxi^.Grla.Cxia^CxIj-CHal} 

boils  at  155°  ;  sp.  gr.  1-5435  at  0°. 

a  formed  secondary  amylic  iodide,  CH3.CH2.CH2.CHI.CH3, 
boiUj  at  U6°. 

a  Prim<iry  isoamylic  ioilide,  pTT^^CH.CHa.CHjI,  fermentation 

3 
amylic  iodide,  prepared  from  fusel  oil,  boils  at  147°,  and  has  sp.  gr. 

1-511  at  11°. 

CH 
Secomiary  isoamylic  iodide,  pTT^^CH.CHI.CH3,  prepared  from 

isoamylene  and  hydriodic  acid,  boils  at  128°-130°. 

195.  JTean/lic  Iodides. — Normal  primary  hexylic  iodide  : 

CH3.Cll2«C'H2«CH2.CH2.CH2l. 

Boiling  point  179-5;  sp.  gr.  1-4115  at  17-5°. 

a  Normal  secondary  hexylic  iodide,  CH3.CH2.CH2-CH2.CHI.CH3, 
prepai'ed  from  manntte  and  hydriodic  acid  : 

CgH,(OH)c  +  llHI  =  6H2O  +  5I2  +  C6H,3l, 

Ijoils  at  167-5^  and  has  sp.  gr.  1-4477  at  0°. 

/J  Normal  secomlary  tiexylic  iodide,  CH3.CH2.CH2.CHI.CH2.CH3, 
is  prejjaretl  by  heating  the  product  of  the  reaction  of  bichlorother 
upon  zinc  ethyl : 

CH2CI  CH2.C2H5 

CHCl     +  211(^2^5)2  =  Zn(-'li+    CH.C2H5 
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with  hjdriodic  acid : 

OxX2*^2^6  GH.2.C2H5 

I  I 

OH.Cj,H,  +  2HI     =     CHI.CjHj  +  H,0  +  IC,Hg 


i. 


LC2H5 

It  is  a  liquid  of  high  boiling  point. 

The  iodide  of  primary  fermentation  hexylic  alcohol,  probably 

^g3N>cH.CH2.CH2.CH2l,  distils  between  172°  and  175^ 

196.  Of  the  higher  homologues  may  be  mentioned 
Normal  pi'imary  octylic  iodide : 

boiling  at  220^-222°. 

Cetylic  iodide.,  CigHssI,  prepared  from  cetylic  alcohol  by  means  of 
phosphoric  iodide,  is  a  solid  body,  which,  after  rccrystallisation  from 
alcohol,  fuses  at  22°. 

.  Metallic  Alcoholates,  CnH2n+i'0M. 

197.  The  hydroxylic  hydrogen  of  alcohols  is  only  replaced  directly, 
with  evolution  of  hydrogen  gas,  by  the  most  strongly  positive  metals, 
and  then  always  with  less  energy  than  in  the  action  of  the  metal  upon 
water.  The  metallic  alcoholates  so  formed  are  solid  bodies,  in 
great  part  readily  soluble  in  alcohol,  are  capable  of  standing  high 
temperatures  without  decomposition,  but  are  very  readily  decomposed 
by  water.  If  a  metalUc  alcoholate  be  treated  with  water,  it  is  con- 
verted into  hydrate,  with  considerable  evolution  of  heat.  Unless, 
however,  the  water  be  in  great  excess  the  decomposition  is  not  com- 
plete, and  can  be  represented  by  the  general  equation  : 

ajCnHan+i.ONa  +  aHOH  =yCnira„+,.OH  +  yNaOH 

+  (x-y)C„H2„  +  ,0Na  +  (x-y)HOH, 

in  which  y,  by  employment  of  equal  molecules  of  the  ingredients,  is 
invariably  considerably  greater  than  -J  x. 

The  decomposition  is  naturally  diminished  by  addition  of  alcohol, 
as  in  reverse  action,  on  bringing  together  the  strongest  metallic  bases 
and  alcohols,  some  amount  of  metallic  alcoholates  are  formed  : 

a;KOH  +  yC„H2„  +  ,.0H  =  sC„H2„+,.0K  +  ^HaO  +  (a:-:^)KOH 

+  (y-«)CnH2„+i.0H. 

.  The  alcoholates  can  never  be  obtaine<l  pure  by  this  last  reaction ; 
but  their  formation  is  placed  beyond  doubt  by  some  of  the  reactions 
of  the  solutions  of  strong  metallic  hydrates  in  absolute  alcohol,  as,  for 
instance,  the  formation  of'metallic  alkylic  carbonates  on  passing  car- 
bonic anhydride. 

These  compounds  are  scarcely  known  in  the  case  of  the  heavy 
metals,  except  those  of  aluminium  and  zinc,  which  latter  result  from 
the  slow  oxidation  of  zinc  alkyls  by  atmospheric  oxygen  : 
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2Zn<gg?  +  0,     =    2Zn<g5|j^ 

Zinc  dimethyL  Zinc  methyl  methylate. 

and 

as  solid  bodies,  readily  converted  by  water  into  alcohols  with  separa- 
tion  of  zincic  hydrate  : 

^^<5  CH^  4-  2H0H  =  Zn(0H)2  +  2HO.CH3. 

They  are  decomposed  by  acids  and  halogen  compounds  with  still 
greater  readiness  than  by  water. 

The  best  known  member  of  the  series  is 

198.  Sodic  eihylaU,  CjHg.O.Na  =  CHg.CHa.O.Na.  This  is  readUy 
obtained  by  placing  one  part  of  bright  metallic  sodium  in  ten  parts  of 
quite  anhydrous  alcohol.  Hydrogen  is  given  off  violently,  and  so 
mach  heat  is  evolved' that  either  the  vessel  must  be  cooled  or  else  the 
metal  added  in  small  quantities  and  slowly.  The  whole  of  the  alcohol 
cannot  be  converted  into  its  sodium  derivative  by  this  means.  In  order 
to  obtain  a  pure  product,  when  all  action  has  ceased,  the  excess  of 
alcohol  is  removed  by  distillation  from  a  water  bath ;  a  white  crys- 
talline mass  remains,  which  is  a  compound  of  one  molecule  of  sodic 
ethylate  with  two  molecules  of  alcohol,  C2H5.0Na,2C2H5.0H. 
Either  by  long  exposure  in  a  vacuum  or  by  heating  to  200°  in  a  cur- 
rent of  hydrogen,  this  compound  is  resolved  into  alcohol,  which  vola- 
tilises, and  a  white,  very  voluminous  residue  of  sodic  ethylate, 
C2H5.0Na,  which  is  not  decomposed  by  a  temperature  of  290^ 


Ethers  or  Oxides   of   the   Alcohol   Eadicals. 

CnH2n+  i.0.Cnrl2n+  1  and  CnH2n+  1 '0.001112111+  !• 

199.  The  ethers  are  compounds  of  two  alcohol  radicals  with  one 
oxygen  atom;  they  can  be  regarded  as  alcohols  whose  hydroxylic 
hydrogen  atom  has  been  replaced  by  an  alcohol  radical.  They  can  be 
divided  into  two  groups,  the  first  or  simple  etJiera  containing  two 
similar  alcohol  radicals,  whilst  in  the  second,  the  so-called  mixed 
ethers,  two  dissimilar  alcohol  radicals  are  united  together  by  oxygen. 
In  this  way  many  more  ethers  are  possible  than  alcohols.  The  general 
formula  of  the  ethers  : 

On"-2n+i*O.CniH2in+l  =  On  +  m"2vn  +  m'+2^  =  ^n'"2n'+2^  (^  n  +  m=n7> 

being  identical  with  that  of  the  alcohols,  numerous  cases  of  meta- 
merism must  occur  between  members  of  the  two  classes  of  bodies. 

200.  Methods  of  Preparation, — All  ethers  can  be  prepared  by 
action  of  metallic  alcoholates  upon  the  haloid  compounds  of  the 
alcohol  radicals.  Of  the  first  the  sodium  compounds  are  beet  em- 
ployed ;  of  the  last,  the  easily  decomposable  iodidas ;  the  action  then 
starting  without  application  of  heat,  but  can  be  accelerated  and 
finished  by  heating. 
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If  a  sodic  alcoholate  be  baaied  witb  tbe  iodide  of  tbe  same  alcohol 
ludical,  a  simple  ether  is  formed  : 

CnlT2n+i.0Na  +  ICnHon+i  =  Nal  +  CnH2n  +  i.O.CnH2n+i 

Or(CnH2n+i)20; 

whilst  the  derivatives  of  different  alcohol  radicals  give  mixed  ethers, 
it  being,  as  regards  the  end  product,  a  matter  of  indifference  which 
alcohol  radical  is  employed  as  the  sodium  oxy derivative  and  which  as 
the  haloid  salt : 

CnH2n+,.0Na  +  IC^Ham+i  =NaT  +  CnH2n+,.O.C„H2„,+  „ 

or  Cnllan+i.I  +  CniH2m+i-0Na  =  NaI  +  CnH2n^.  i.O.CmHjm  +  l. 

As  a  rule  the  sodic  alcoholate  Ls  not  employed  pure,  but  dissolved 
in  an  excess  of  the  alcohol.  The  ether  must  in  every  case  be  purified 
by  distillation. 

The  only  cases  whei-e  good  yields  are  obtained  by  this  pi'ooess  are 
the  mixed  methyl  ethera,  prepared  from  methylic  iodide  and  sodic 
alcoholates ;  the  higher  homologous  iodides  so  I'eacting  with  the 
alcoholates  as  in  great  part  to  produce  olcfines  : 

CnH2„+,I  4-  NaO.CUIjm  +  i  =NaI  -f  HO.CmHjm+i  +  CnHan- 

Those  salts  of  alcohol  itulicals  with  acids,  which  are  not  volatile 
without  decomposition,  and  better  the  acid  than  the  neutral  salts, 
yield  ethers  and  free  acids  when  heated  with  alcohol  to  high  tempera- 
tures : 

CnH2n+i.HS04  +  CnH2n+i.0H=  H2SO4  +  (CnHjn+Oa^ 

and 

^nH2n+i '11804  +  Cn|H2m+ pOH  ^  H2SO4  +  CnH2n  + i'0.CniH2m+ !• 

Monethylic  sulphate,  for  instance,  when  heated  with  othylic 
alcohol  to  about  140°,  decomposes  into  diethylic  oxide  and  sulphuric 
acid : 

C2H5.HSO4  +  CjH^.OH  =  H2SO4  +  (C2H5)20. 

The  simple  ethers  can  also  be  prepared  by  heating  the  haloid 
compounds  of  the  alcohol  radicals  with  the  anhydrous  oxides  of  basic 
metals,  most  readily  by  employment  of  iodides  and  argentic  oxide  : 

2C„H2n+,I  +  Ag20  =  Agalj  +  (G„H2n+,)20. 

The  method  most  frequently  employed  for  preparing  the  simple 
ethers  consists  in  heating  the  respective  alcohols  with  sulphuric  acid. 
Bearing  in  mind  only  the  ingredients  and  the  final  products,  the  re- 
action may  be  represented  by  the  ecjuation  : 

2C„Il2n+l.OII  -f   II2SO4  =  (C„H2n+i).P  +  113804  +  OHj, 

in  which  the  process  appeal's  as  the  splitting  off  of  a  molecule  of  water, 
from  two  molecules  of  alcohol,  by  the  dehydmting  power  of  the  sul- 
I>huric  acid — a  view  which  was  formerly  held.  As  a  matter  of  fact  it 
is  quite  different,  being  essentially  the  same  tis  the  second  method 
mentioned  above.  During  the  preparation  of  ether  by  heating  an 
alcohol  with  sulphuric  acid,  it  is  found  that  water  distils  over  before 
the  ether,  although  the  latter  may  have  a  lower  boiling  point ;  and, 
further,  a  very  small  quantity  of  sulphuric  acid  ciin  decom2>03e  a  very 
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ooDtdderable  quantity  of  alcohol.  Both  facts  completely  contradict  the 
old  view. 

The  formation  of  ether  by  this  process  belongs  to  the  most  intri- 
cate but  at  the  same  time  most  instructive  chemical  processes ;  it  is 
therefore  worth  considering  at  some  length. 

201.  FreparcUion  ofEihersfrom  Alcohols  and  Sulphuric  Acid, — On 
mixing  an  alcohol  with  sulphuric  acid,  an  acid  sulphate  of  the  alcohol 
radical  is  formed  with  evolution  of  heat.  The  pix>cess  is  by  no  means 
complete,  the  greater  portion  of  both  ingredients  remaining  un- 
changed : 

aCnH»+,.OH  +  m.^S04  =aCnH2„+,.HS04  +  xYLJd 
+  (a-x)C„H2„+j.0H  +  (6-a;)H2SO,. 

On  appljdng  haat,  water  and  a  part  of  the  unaltered  alcoliol  distil 
over,  until  the  temperature  reaches  that  at  wliich  ether  is  formed  ac- 
cording to  the  second  method  (by  the  action  of  an  alcohol  on  an  acid 
sulphate),  when  ether  occurs  amongst  the  products  distilling,  and  its 
formation  continues  as  long  as  the  liquid  contains  both  alcohol  and 
acid  sulphate. 

In  the  last  phase  of  the  pix>ce6S,  as  soon  as,  by  the  continued  ex- 
ternal application  of  heat,  the  temperature  rises  above  that  necessary 
for  the  formation  of  ether,  and  when  the  free  alcohol  is  nearly  ex- 
hausted, large  quantities  of  an  define  are  formed,  due  to  the  decom- 
position of  the  acid  sulphate : 

CnH2n+  1HSO4  =  CnHjn  +  H2SO4. 

As  by  these  decompositions  the  sulphuric  acid  is  regenerated  and 
remains  behind  in  the  residue  from  the  distillation,  this  latter  can 
be  used  again  and  again  for  ether  formation,  the  necessary  &esh 
quantities  of  alcohol  being  added. 

Instead  of  adding  alcohol  from  time  to  time,  the  process  may  be 
made  continuous.  For  this  purpase  the  alcohol  and  sulphuric  acid 
fwe  mixed  together  in  such  proix)rtions,  that  the  mixture  begins  to 
boil  at  the  temperature  necessary  for  the  formation  of  ether ;  alcohol 
is  then  allowed  to  flow  continuously  into  the  apparatus,  at  such  a  rate 
that  a  thermometer  imuiei*sed  in  the  liquid  shows  a  constant  tempera- 
ture under  the  continued  boiling  ;  there  is  then  as  much  alcohol  passing 
into  the  vessel  as  distils  from  it  in  the  same  time,  in  the  forms  of 
ether,  water,  or  unaltered  alcohol. 

Fig.  17  shows  the  appanitus  used  on  the  small  scale.  The  flask, 
supported  by  a  tripod  stand  over  a  gas  flume,  is  provided  with  a  triply 
bored  cork ;  one  opening  contains  the  tube  d  leading  to  the  condenser 
B ;  the  second  is  for  the  thermometer  /,  which  dips  into  the  liquid ; 
through  the  third  a  funnel  tube  passes,  rejiching  nearly  to  the  bottom 
of  the  flask.  As  soon  as  the  boiling  alcohol-acid  mixture  has  reached 
the  depired  temperature,  the  cock  r  of  the  alcohol  reservoir  e  is 
opened  to  such  an  extent  that  the  amount  of  alcohol  flowing  down 
tlie  funnel  tube  into  the  liquid  shall  keep  the  temperature  at  the 
same  point. 

The  process  might  be  interminable  were  it  not  that  small  quanti- 
ties of  the  acid  are  chani^ed  in  an  unregenerable  manner,  theix)  not 
only  being  a  continual  distillation  of  small  quantities  of  orgtuiic  com- 
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ponndii  of  Bulplmric  acid,  but  also  oxidatlun  otvurs  at  the  expense  of 
the  sulphurii!  ocitl,  so  that  uaall  quantities  of  sulpharous  aiDiydride 
are  always  evolved. 

The  distillate  collected  in  the  receiver  separates  into  two  layers, 
the  lower  consisting  mainly  of  water,  the  upper  of  ether.  The  latter 
is  puri£ed  first  by  shaking  with  milk  of  lime,  then  repeatedly  with 
freih  quantities  of  water,  in  order  to  remove  any  alcohol  that  may 


havt'  passed  over,  anil  finally,  iifter  drying  with  calcic  chloride,  is  sub- 
mitted to  fractional  dlHtitlation. 

Many  other  not  readily  volatile  acids,  such  as  phosphoric,  arsenic, 
boric,  iic.,  act  in  a  similar  manner  to  sulphuric  acid. 

202.  Small  qnaDtifies  of  ether  are  also  obtained  by  heating  the 
haloid  compoimds  of  alcohol  radicals  together  with  alcohols  to  200° 
in  sealed  tubes : 

*CnH5„^.,Cl  +  yC„Hjn  +  i.On  =  s{C„Hj„^.,),0  +  sHCl 

+  (a:-y)C„H,„  +  ,Cl  +  (y-j)C„H,„,.OH; 
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^n^in+  iCl  +  yHjO  =  icC„H^+  ,.0H  +  zUCl  +  {x-'Z)Cnn^+  iCl 

+  (y-«)HA 
follows  further : 

(a;-»)C„Hj^+iCl  +  ^C^Han+i-OH  +  2HCI  +  {y-z)}l,/) 

=  <(C„H^+,)aO  +  (2J  +  <)HC1  +  (x-.«-0C„H2„4.iCl 

+  (2J-0CnH2n+  i-OH  +  (y-2)H  jO, 

nntdl  a  point  of  equilibrium  is  reached  in  the  relative  quantities  of 
the  ingredients  and  prodncts.  This  point  depends  on  the  temperature, 
the  quantities  of  the  ingredients  at  starting,  and  the  relative  affinities 
coming  into  play. 

The  formation  of  ethers  by  strangly  heating  alcohols  with 
dilorides,  bromides,  iodides,  and  neuti'al  sulphates  of  weak  basic 
metals,  such  as  zinc,  tin^  mercury,  aluminium,  iron,  uranium,  &c.,  was 
formerly  of  special  interest.  It  is  known  that  nearly  all  these  bodies, 
when  heated  to  high  temperatures  with  water,  are  partly  decomposed 
into  free  acids  and  basic  salts,  especially  when  the  acid  can  volatilise ; 
for  instance,  AljGl^  +  2H2O  =  4HC1  +  AlaOjClj.  In  every  case 
these  salts  are  more  readily  decomposed  by  alcohols,  the  negative  con- 
stituent forming  a  compound  with  the  alcohol  radical.  Zincic  chloride 
heated  with  alcohol  always  yields  some  alcoholic  chloride : 

PI 
xZnCl^  -f  yC^H^+i.OH  =  sZn<^^jj+«CnHj„+,.Cl  +(aj-«)ZnCl4 

Normal  aluminic  sulphate  yields  a  basic  salt  and  acid  sulphate  of  the 
alcohol  radical,  according  to  the  equation  : 

a;Al,(S04),  +  yCoHj„+i.OH  =  2;Al2(S04)(OH)4  +  2^„H2„  +  i.HSO, 

By  the  formation  of  haloid  salts  or  sulphates  of  the  alcohol  radicah< 
together  with  unchanged  alcohol,  all  conditions  necessary  to  the  forma- 
tion of  ethers  are  given.  The  free  acid  thereby  regenerated,  probably 
assiBted  by  the  lowering  of  the  temperature  at  the  end  of  the  reaction^ 
converts  the  basic  salt  in  great  part  back  to  the  neutral  compounds, 
so  that  it  finally  appears  as  though  this  latter  had  remained  un- 
altered. 

These  reactions  had  been  considered  to  be  catalytic  processes  pre- 
viously to  the  correct  explanation  of  their  action  having  been  dis- 
covered. 

203.  If  two  alcohols  are  aUowed  to  react  simultaneously  on  the 
etherifying  agent  (sulphuric  acid,  <kc.),  three  ethers  are  obtained,  two 
simple  and  one  mixed }  sulphates,  <kc.,  of  the  two  different  alcohol 
radicals  being  formed,  of  which  each  reacts  on  each  of  the  two  alcohols, 
converting  them  into  ethei-s. 

These  ethers  a,ve  also  obtained  when  a  mixture  of  an  alcohol  and 
sulphuric  acid  is  heated  to  the  temperature  of  ether  formation,  and  a 
second  alcohol  is  aUowed  to  flow  in  continuously.  At  the  beginning  only 
a  biugle  alcoholic  sulphate  is  formed,  which  reacts  with  its  unchanged 

L 
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alcohol,  (CnH2n+  1-OH),  to  form  the  ether,  (CnH2n  +  i)2^>  which  is  at 
first  alone  formed.  If  now  the  second  alcohol,  (CniH2m+  i-OH),  enters, 
it  will  form  its  acid  sulphate  with  the  still  unaltered  or  regenerated 
sulphuric  add.  This,  reacting  on  the  first  alcohol,  yields  with  it 
the  ether,  (OnH2n^|)(CniH2in+i)0.  At  the  same  time  the  same 
ether  is  formed  by  the  action  of  the  already  formed  molecules  of 
CnHjn-i.  I-HS04  on  the  second  alcohol.  In  time  the  quantity  formed 
of  this  second  ether  gradually  increases,  whilst  that  of  the  first  ether 
soon  diminishes.  Soon,  however,  molecules  of  CniH2in+ i-OH  come  in 
contact  with  those  of  CniH2m+i'HS04,  at  first  but  seldom,  later  with 
increasing  frequency.  The  second  simple  ether,  (CmHjin+OaO,  there- 
fore, begins  to  distU  over  in  rapidly  increasing  quantity,  forming  at 
length  the  sole  product ;  this  occurring  as  soon  as  the  first  alcohol 
has  completely  distilled   over  in  the  form  of   (CnH2n-).i)20    and 

^n  "■2n  +  1  •t).CniHan  + 1  • 

204.  Properties  and  Rectctions, — The  ethers  are  mostly  liquids 
which  distil  imchanged,  are  either  entirely  insoluble  or  but  little 
soluble  in  water.  Their  boiling  points  are  invariably  lower  than 
those  of  the  metameric  alcohols.  By  reagents  they  ai*e  generally 
more  difficultly  attacked  than  the  alcohob. 

By  water  at  high  temperatures  they  are  partly  converted  into 
alcohols ;  e.g. 

a(C2H5)20  +  6H2O  =  2aK:J2Ha.OH  +  {a'-x){C^YL^)Jd  +  (6-aj)H,0. 

By  the  halogen  hydro-acids  they  are  converted,  on  heating,  into  the 
haloid  compounds  of  the  alcohol  radicals,  most  readily  by  hydriodic 
acid : 

CnH2n+i '0.001112111+1  H~  2HI  =  CnH2n+iI  +  CjnH2m+ il  +  H3O, 

and  give  salts  with  strong  acids.  Treated  with  chlorine,  chlor-sabsti- 
tution  products  are  readily  obtained. 

By  oxidation,  especially  in  presence  of  water,  they  yield  essentiaUy 
the  same  products  as  the  alcohols  from  which  they  are  derived,  the 
ethers  of  primary  alcohol  radicals  therefore  giving  aldehydes  and 
acids. 

205.  Methyl  ether,  or  dimethylic  oxide,  C2H6O  =  CH3.O.CH3 
(metameric  with  ethylic  alcohol).  Methylic  ether  is  obtained  by  dis- 
tillation of  a  mixture  of  wood  spirit  with  four  times  its  weight  of  sul- 
phuric acid  ;  the  evolved  vapours  are  passed  through  potassic  hydrate 
solution,  and  the  unabsorbed  gas  condensed  in  vessels  cooled  by  a 
powerful  freezing  mixture. 

Methyl  ether  below  —21°  is  a  mobile  colourless  liquid,  at  ordinary 
temperatures  an  ethereal-smelling  gas,  of  density  1*617.  37  volumes 
of  it  are  absorbed  by  one  volume  of  water.  It  bums  with  a  strongly 
luminous  flame. 

206.  Ethyl^iethyl  et/ier,  or  methylic  ethylic  oxide: 

CjHgO  =  CH3.O.C2H3, 

is  prepared  from  sodic  methylate  and  ethylic  iodide,  or  better  from 
methylic  iodide  and  sodic  ethylate,  as  a  liquid  boiling  at  -f  1 1°.  It  is 
also  formed,  together  with  dimethylic  oxide  and  ethyl  ether,  by  heat- 
ing a  mixture  of  ethylic  and  methylic  alcohols  with  sulphuric  add. 


FfHYL  ETHER.  147 


Ethyl  Etiieu. 


207.  Eihyl  ether y  dielht/lic  oxidCy  also  known  as  ether  only, 
C4HioO  =  CJH5.O.C2H5.  In  order  to  pi-epare  this  9  parts  of  strong 
siUphuiic  acid  and  5  parts  of  90  %  alcohol  are  distilled  at  140'', 
under  constant  addition  of  more  alcohol,  until  the  amount  of  the 
latter  has  reached  about  five  times  the  weight  of  the  sulphuric  acid 
employed.  The  ethereal  layer  of  the  distillate,  after  repeated  agitation 
with  water,  is  dried  by  means  of  fused  calcic  ohloride  and  then  dis- 
tilled. In  order  to  obtain  ether  completely  fi'ee  from  the  last 
traces  of  alcohol,  which  adhere  with  great  olistinacy,  it  must  bo 
allowed  to  stand  over  bright  pieces  of  sodium  until  all  evolution  of 
hydrogen  ceases. 

Pure  ether  is  a  very  mobile  colourless  liquid  of  penetrating  odoui% 
of  sp.  gr.  '736  at  0**,  boils  at  35°,  and  has  vapour  density  2*565.  It 
is  very  inflammable,  its  vapour  mixed  with  air  being  ignited  by  con- 
tact with  platinum  black,  and  bums  with  a  luminous  flame ;  a  mix- 
ture of  its  vapour  and  air  is  violently  explosive. 

On  account  of  its  low  boiling  point,  ether  evaporatv-s  very  quickly 
at  ordinary  temperatures,  and  causes  thereby  a  great  reduction  of 
temperature. 

It  mixes  in  every  proportion  with  absolute  alcohol,  but  not  with 
water;  1  part  of  ether  requires  about  9  parts  of  water  for  solution, 
and  itself  dissolves  about  ^j  of  its  weight  of  water.  On  shaking  a 
mixture  of  equal  volumes  of  water  and  ether,  and  then  allowing  to 
stand  quietly,  it  rapidly  separates  into  two  layers,  the  imder  consist- 
ing of  a  solution  of  ether  in  water,  the  upper  of  water  disvsolved  in 
ether.  Ethylic  ether  dissolves  about  -j^j  of  its  weight  of  sulphur 
and  -^  of  phosphorus ;  it  is  one  of  the  best  solvents  for  fats,  oils, 
resins,  and  other  organic  bodies,  and  dissolves  many  metallic  haloid 
salts,  such  as  auric  chloride,  platinic  chloride,  ferric  chloride,  mercuric 
chloride,  &c. 

A  mixture  of  ethyl  ether  and  dry  bromine  solidifies  in  a  freezing 
mixture  to  a  red  crystalline  compound,  (C4HioO)2Bre,  which  is  readily 
decomposed  by  water. 

By  incomplete  oxidation  or  imperfect  combustion  it  is  converted 
into  aldehyde  and  acetic  acid.  With  hydrochloric  acid  it  yields  some 
ethylic  chloride.  It  is  not  attacked  by  potassium  or  sodium,  but  is 
very  energetically  by  chlorine,  which  causes  a  violent  explosion,  with 
separation  of  carbon,  when  mixed  with  ether  vapour. 

Chlor  substitution  products  are  obtained  by  passing  chlorine  in  the 
dark  through  strongly  cooled  ether.     The  first  formed  are  : 

Afanochlorether,  C4H9CIO  or  CH3.CHCI.O.C2H5  (boiling  point 
97^-98°);  and  UcJdorether,  C4H«Cl20  =  CH2Cl.CHC1.0.C2H,,  a 
liquid  boiling  with  slight  decomposition  at  about  145°,  will  be  noticed 
at  length  further  on.  By  further  action  of  chlorine,  which  must  be 
assisted  by  heating,  bodies  richer  in  chlorine  are  obtained,  which  on 
heating  decompose  with  evolution  of  hydrochloric  acid.  Of  these  are 
known  : 

Trichloretlier,  C4HTCI3O  =  CHCI2.CHCI.O.C2H5. 

Tetradilorether,  C4H6CI4O  =  CCla.CHCl.O.Cair^,  a  thick  liquid 
smelling  like  fennel ;  and 

l2 
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Fentachloretker,  C4H5CI5O  =  CCI3.CCI2.O.C2II5. 

If  these  bodies  be  heated,  exposed  to  sun-light,  and  still  further 
treated  with  chlorine,  there  is  obtained  as  a  final  product 

Ferchloretlter,  C4CIJ0O  =  CCI3.CCI2.O.CCI2.CCI3,  which  forms 
colourless  crystals,  melting  at  69°,  and  decomposing  at  300°  into  tri- 
chloracetyl  chloride  and  perchlorethane  : 


Ca3.CCl2.0.CCl2.CCl3  =    CCI3.COCI     -h     CCI3.CCI 


3 


Trichloracetyl  Perchlorethane. 

chloride. 

The  action  of  ethyl  ether  on  the  animal  orgiinism  is  notewoi-thy. 
It  oiuses  intoxication,  or  if  breathed  as  vapour  in  large  quantity  it 
produces  loss  of  consciousness  and  sensation.  It  is  therefore  employed 
as  an  anesthetic. 

208.  Ethyl  ether  is  metameric  with  niethylrpropyl  ether : 


CHn'O.CHo.CHo.CH 


3» 


Tertiary  isobutyl-methyl  ether,  CHa.O.C^CH 

XJH 


and  inethylrisopropyl  ether,  CHj.O.CH^pTT^ .      The  first  boOs  at 

49°-52°. 

Of  the  ethers  metameric  with  amylic  alcohol,  and  containing  five 
carbon  atoms  in  the  molecule  (C5H12O),  six  have  been  prepared, 
namely : 

Normal  primary  butyl-methyl  ether,  CH3.O.CH2.CH2.CH2.CH3. 
Normal  secondary  butyl-methyl  ether,  CH3.0.CH<^^*-^^» 

Piimary  isobutyl-methyl  ether,  CH3.0.CHj.CH<5^» 

OH, 

3 
3 

Ethyl-propyl  ether  (boils  at  SS'^-SG^),  CH3.CH2.O.CH2.CH2.CH3. 
Ethyl-isopropyl  ether,  CH3.CH2.0.CH<^J^' 

209.  The  possible  ethers  metameric  with  the  hexylic  alcohols, 
CgHi40,  are  far  more  numerous  than  the  foregoing,  but  few  of  them, 
however,  are  known. 

Normal  propi/l  etiier,  CH3.CH2.CH2.O.CH2.CH2.CH3,  is  a  mobile 
liquid  of  ethereal  odour,  boiling  at  86®. 

hopropyl  ether,  QTT^]>CH.O.CH<^JT^  a  similar  liquid,  boils  at 

60®,  and  is  obtained  by  decomposition  of  isopropylic  iodide  by  argentic 
oxide. 

Normal  primary  butyl-ethyl  etiier  : 

OXT3.OXI  2«O.C  Jl  2»C/IX2.0xl2.Cjl3, 

boils  at  91-7®,  and  sp.  gr.  -7694  at  0®. 

IwbtUyUthyl  etlier,  CH3.CH2.0.CH2.CH<^{^3  boils  at  78°-«0®. 
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MeihyJriaocmyl  eth^,  CH3.0.CH2.CH2.CH<^^»,  boils  at  92°. 

Higher  homologues  of  the  series  are  : — 

Ethylrisoamyl  ether,  CH3.CH2.0.CH2.CH2.CH<^^^  boils  at 

112°. 

Normal  primary  butyl  ether  : 

CH3.CH2.CH2.CHa.O.CH2.CH2.CH2.CH3, 

boils  at  140°-141°,  and  has  at  0°  sp.  gr.  -784. 

Isobutyl  ether,  ^^3>CH.CH2.0.CH2.CH<^^3^  bojla  ^t  110°. 

Propyl-isoamyl  ether,  CH3.CH2.CH2.0.CH2.CH2.CH<^^a,  dis- 
tils  between  125°  and  130°. 

Isoamyl  etJier,  ^][][3>^CH.CH2.CH2.0.CH2.CH2.CH  <^5^  pre- 

pared  from  fermentation  amylic  alcohol  by  heating  with  sulphuric 
add,  boils  at  176°,  and  has  sp.  gr.  about  *78. 

Cetyl  ether,  (0,51133)20,  is  prepared  from  sodic  cetylate  and  cetylic 
iodide,  the  product  being  crystallised  from  ethylic  ether.  It  forms 
glittering  leaves,  which  melt  at  55°  and  distil  at  about  300°  with  slight 
decomposition. 

« 

The  Ethereal  Salts  or  so-called  Oompound  Ethers. 

210.  When  alcohols  and  strong  acids  are  mixed  together,  they 
react  with  elimination  of  water  and  formation  of  salts  of  the  alcohol 
radicals.  This  reaction,  even  when  assisted  by  heat,  is  invariably  only 
partial,  there  always  remaining  certain  quantities  of  unaltered  alcohol 
and  add.  The  polybasic  adds  yield  principally  hydric  salts  corre- 
sponding to  thdr  hydric  (or  add)  metallic  salts,  which  still  act  like 
adds,  repladng  their  add  hydrogen  by  metals  when  added  to  metallic 
hydrates,  <Src. 

A  method  of  preparation  frequently  employable  consists  in  heat- 
ing the  potassic  or  argentic  salt  of  the  acids  with  iodides  (^  the  alcohol 
radicals;  e.g. 

Ag3P04  +  30„H2„+iI  =  3AgI  +  (OnHan+OaPO^; 

or  by  action  of  the  add  chlorides  on  alcohols,  or  better  on  the  sodio 
alcoholates : 

SOCla  +  2NaO.CnH2n+i  =  2NaCl  +  SO(O0„H2„+i)2. 

All  these  compounds  are  partly  decomposed  into  alcohol  and  add 
by  heating  with  water,  and  are  readily  and  completely  decomposed  by 
heating  with  solution  of  strong  basic  hydrates,  a  metallic  s^t  being 
formed  and  the  alcohol  liberated.  The  process  is  known  as  sapanifi- 
ocUion. 

In  the  following  only  the  salts  of  the  inorganic  acids,  of  the 
cyanogen  adds,  and  of  carbonic  add  will  be  given,  those  of  the  oi^ganic 
adds  being  mentioned  later. 
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JTunH^M  -ifti^.  A:aikal  R,mHem£^  CaHa^^r.O^Ow 


m.  The  nzcrmcei  of  .he  ^'rrhot  nrirrah  remls  firtaa  the 
nxsric  iciii  oa  die  auin-Anltf :  bos  libe  almiwA*  ire  akslT 
Tisrteii  infio  oxfiitacKL  pcTviacSiw  ami  nfcra?  jcxd  inHTj  pnrtB  with 
0x72*91.  azid  ia  nsdooeii  ^  nftr^oa  acbi.  S3  oafi  bj  fwthwc  die  main,  pro- 
dfiKfii  of  die  PifteSBon.  ^nt  aLiehjxies.  •jiTzsoK  jcnfe*  and  niaifieB  of  <fae 
alecfaol  nrffiTifii  In  oc«ier  co  prevent  the  farmnrinn  of  tbese^  die  re- 
acnoa  siiac  he  »>  manneed  eidier  ^ac  die  ■•^rrrfwing  accnm  of  die 
aiorfc  a^iii  eancoc  fjtcar,  or  dias  die  nxsroos  acd  sitaU  be  JeatiuieJ 
be£ jre  i?  can.  act  on  die  almlmf'^ 

1.  The  nrst  problem  nxax  he  aeeomp&iie*!  bj  mfTrng  die  alcobol 
and  Acid  in  a  piatminn  haan  enctfd  hj  a  fetteaii^  mixciire  to  —  IS^ 
ti>  —  ^y^.  bjch  alcohol  and  aed  baxin^^  been  prerionsl^  cooled  to  ecu- 
Hderafch-  befow  ri»». 

±  In  ordfr  to  des^croy  anx  nitroos  aod  that  maj  be  £bmed,  nica 
19  adiied  u>  the  aad  befi^re  ad<£tfdQ  c£  the  akoh^ :  js  prerioodj 
■lentiGoed  1  §  \^k  this  redoees  nicroos  aed  tkt  leadflj  aeeotding 
to  the  eqmti''A  : 


If  die  nitric  acid  waes  pvettr  free  from  trkoide  or  tetiaxide  of 
nitro^Ett  at  starting,  a  reLitiveiT  amall  qnantxtr  of  area  oomplcidj 
answers  this  porpoee. 

The  nitrates  of  the  alcohol  radicals  decompose  on  headng  to  high 
temperatures,  moedj  with  ezpiosxn.  coDaeqaent  on  the  pardal  oadda 
ticA  of  the  carbo-hjdrogen  radicai  hf  the  oxreen  of  the  acid  gxwqi. 
Ther  are  easfly  saponified  by  beating  with  alkalies  : 

C.Hj^;.O.yO,  +  KOH  =  KOJJ^Oj  -h  C^H^,.OIL 

21SL  The  ft/Uowing  are  the  best  known  : — 

Meikt^ic  niiraU^  ('H^-OXO^  is  a  ooloorkflBv  beavr  liquid,  little 
flolnble  in  water,  whidi  boils  at  66'  and  whoee  Tapoor  deconates  at 
150\ 

EiAtfiic  niirai^,  C^H.O.XOj.  is  obtained  by  distilladoQ  of  60  grams 
of  alcohol  with  the  same  weight  of  nitric  acid  of  spc  gr.  I'i^  aoe 
gram  of  nr^a  being  also  added.  It  is  not  advi^ble  to  piepare  larger 
qnantities,  on  account  of  the  danger  of  an  exploeqon.  At  first  aqoeoas 
alcohol  distOs  oTer,  later  the  ethylic  nitrate.  It  is  a  coloariea?^  agr^?^ 
aUe«melling  liqmd,  of  sp.  gr.  1*112  at  17%  which  boils  at  85%  and 
whose  Tapoor  on  over-beating  decomposes  with  explosion.  It  is 
nearly  insolable  in  water. 

liohuti^ie  nitraU^  (CH,)jCH.CHj.O.NO*,  L<  obtained  by  acdon  of 
argentic  nitrate  on  isobatTlic  iodide,  as  a  liqaid  bailing  at  123^  and 
ofsptgr.  1-038  at  0^: 

C^KJL  +  Ag.0.yO,  =  Agl  +  C^H^O.NO^ 

l0oamylk  niiraU.  (CHj)sCH.CH^CH5.0.N02,  is  a  colourless  oU, 
boiling  at  148^,  whidi,  from  7"*  to  8%  has  the  sp.  gr.  1-0(X);  at  lower 
temperatures  is  heaTier,  at  higher  temperatnres  lighter,  than  water  of 
like  tempera! are. 
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NUriUM  of  Hie  Alcohol  Badioals,  C„Ha„+,.O.NO. 

213.  The  true  nitrites  of  the  alcohol  radicals  are  prepared  in  the 
impure  condition  by  the  action  of  nitric  acid  upon  the  alcohols  (§211); 
in  greater  pnrity  by  passing  the  vapour  of  nitrous  anhydride  into  the 
cooled  alcohol : 

2C„H8„+i.OH  +  NjO,  =  2C„Hj„+i.0.N0  +  HaO, 

or  by  distillation  of  the  alcohol  with  potassic  nitrite  and  sulphuric 
acid. 

They  are  more  readily  volatile  than  the  corresponding  nitrates, 
and  are  in  part  employed  in  medicine.  Mixed  with  potassic  hydrate, 
they  yield  alcohol  and  potassic  nitrite.  After  a  time,  especially  if 
exposed  to  light,  they  spontaneously  decopapose  with  formation  of 
oxidation  products  of  the  alcohol  radical  and  nitrogen  gas. 

The  nitro-ethanes,  CnHjn+i'NOs  (§  289),  are  isomeric  with  these 
bodies. 

Methylic  nUrite,  CH3.O.NO,  is,  at  ordinary  temperatures,  a  mo- 
bile gas  of  agreeable  odour,  condensable  by  cold  to  a  colourless  liquid, 
which  boils  at  -12^ 

Ethylu:  nUrUe,  C2H5.O.NO,  boils  at  + 16%  and  has  below  this 
temperature  sp.  gr.  '947.  It  is  insoluble  in  water.  '  Sweet  spirits 
of  nitre '  is  a  mixture  of  ethylic  nitrite  with  ethyUc  alcohol  and  oxi- 
dation products  of  the  latter,  especially  aldehyde  and  ethylic  acetate, 
in  order  to  prepare  it  eight  parts  of  strong  alcohol  are  mixed  with 
one  part  of  fuming  nitric  acid,  and,  after  standing  twenty-four  hours, 
distilled ;  the  distillate  is  shaken  with  potassic  carbonate  in  order  to 
remove  any  free  add,  and  then  again  rectified. 

Isoamylic  nitrite^  (CH3)2CH.CH2.CH2.0.NO,  is  a  liquid  boiling  at 
96**,  whose  vapour,  when  inhaled,  produces  violent  headache. 

Alkylic  Sulphates, 

214.  As  sulphuric  acid  forms  with  monovalent  metals  acid  and 
neutral  salts,  so  similarly  it  yields  with  the  alcohol  radicals  acid  and 
neutral  sulphates.  The  acid  sulphates  behave  as  monobasic  acids, 
exchanging  the  hydroxylic  hydrogen  for  metals,  and  so  forming 
neutral  salts : 

gQ>S02  K0>®^2 

Acid  Neutral 

Salts. 

Sulphuric  acid.  Salt  of  hydric  alkyl  sulphate. 

Acid  Normal 

Alkylic  sulphate. 

216.  Hi^'Acid  Alkylic  StUphcUes. — On  mixing  an  alcohol  with  con- 
centrated sulphuric  acid,  the  acid  sulphate  is  formed  with  very  consider- 
able evolution  of  heat,  though  the  ingredients  only  react  partially  on 
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one  another  (§  201).  To  obtain  the  product,  the  cooled  and  diluted 
mixture  is  neutralised  with  the  carbonate  of  one  of  those  metals  which 
yield  insoluble  sulphates — barium,  strontium,  or  lead.  In  this  way  the 
sulphiuic  acid,  remaining  unchanged  according  to  the  equation : 

oCnHan^i.OH  +  3/H2SO4  =^„H2„+i.HS04  +  ^H^O 

is  removed  from  the  solution,  whilst  the  alkylic  metallic  sulphate 
rcmainB  dissolved.  This  can  be  purified  by  recrystallisation,  and  from 
its  solution,  by  precipitation  of  the  metal,  an  aqueous  solution  of  the 
acid  alkylic  sulphate  obtained : 

Ba<5         '     +  H2SO4  =  BaSO^  +  2  ^"^^n+^^SOj. 

By  evaporation  in  vacuo  at  ordinary  tempei*ature8  the  solution 
can  be  concentrated,  and  the  acid  sulphates  obtained  generaUy  as 
strongly  acid  syrupy  liquids. 

By  long  standing  in  aqueous  solution  the  reciprocal  process  to 
that  of  their  formation,  decomposition  into  alcohol  and  free  acid, 
slowly  ensues ;  on  boiling  this  results  in  shorter  time,  and  the  alcohol 
distils  over : 

CnH2n+i.HS04  +  H2O  +  xH^O  =  CnHan  +  i.OH  +  H2BO4  +  xK^ 

This  is  a  reaction  exactly  analogous  to  that  already  given  (§  201) 
as  that  of  an  alcohol  at  high  temperature : 

On  heating  the  pure  acid  sulphates  by  themselves,  sulphuric  acid  is 
r^eneitited,  and  by  removal  of  hydrogen  an  olefine  formed  : 

CnH2n+ l«H.S04  :=  H2SO4  +  CnH2n. 

The  metallic  salts  of  these  bodies  behave  similarly.  On  boiling 
with  water  they  decompose  slowly  into  acid  metallic  sulphates  and 
silcohol : 

c„H2n+,.M.S04  +  H2O  +  xn.fi  =  nMS04  +  c„H2„+,.oh 

+  arH20 ; 

and  this  dccomi)Osition  <xx;urs  especially  readily  if  the  solution  con- 
tains free  acid.  It  is  therefore  necessary  in  evaporating  solutions  of 
these  salts  to  have  a  little  carbonate  or  metallic  hydrate  present.  A 
larger  quantity  of  the  latter  in  concentrated  solution,  on  the  other 
hand,  completely  decomposes  the  compound  : 

C„H2„+i.KS04  +  KOH  =  K2SO4  +  C„H2„+,.0H. 

By  dry  distillation  the  metallic  alkylic  sulphates  yield  chiefly  acid 
metallic  salts  and  oleflnes : 

C'nH2n+l'K^S04  :*=  HKSO4  -f  CnH^n, 

other  processes,  however,  occurring,  such  as  polymerisation  of  the 
olefine  molecule  and  formation  of  fui-ther  sulphuric  acid  derivatives 
of,  at  present,  not  clearly  explained  nature. 
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From  the  olefines  the  add  alkyh'c  sulphates  can  be  obtained  by 
direct  union  with  Bnlphuric  acid.  These  hydrocarbons  are  absorb^ 
by  concentrated  sulphuric  acid : 

and  from  this  mixture  the  pure  body  obtained  by  conversion  into  the 
barium  salt,  <Src.,  as  already  described.  Except  in  the  case  of  ethylene, 
the  add  salts  obtained  are  not  those  of  the  primary  but  of  sccoudary 
or  tertiary  alcohol  radicals  (compare  §  163). 

216.  Of  these  compounds  the  following  may  be  mentioned  : — 
Uydric  methylic  stdphctte,  or  methyl-sulphuric  add,  CH3.H.SO4,  is 
formed  by  mixing  two  parts  of  concentrated  sulphuric  acid  with  one 
part  of  methylic  alcohol.  By  neutralisation  with  baric  carbonate,  and 
evaporation  of  the  liquid  filtered  from  the  baric  sulphate,  baric  methylic 
sulphate  is  obtained : 

Ba(O.S02.0.CH3)2,2H20. 

By  dissolving  this  salt  in  water,  predpitating  the  barium  by  the 
requisite  amount  of  sulphuric  add,  and  evaporating  the  liquid  in 
vacuo,  hydrie  methylic  sulphate  is  obtained  in  white,  strongly  acid 
needles,  very  readily  soluble  in  water,  less  easily  in  absolute  alcohol. 
By  saturation  with  metallic  oxides  or  carbonates  the  metallic  methylic 
sulphates  can  be  obtained,  which  are,  without  exception,  soluble  in 
water. 

Hydrie  ethylic  stdpha^te,  or  ethyl-sulphuric  acid,  C2H5.HSO4,  is  ob- 
tained by  mixing  equal  parts  of  strong  sulphuric  add  and  ethylic 
alcohol,  and  treatment  similar  to  the  last,  as  a  clear  syrupy  liquid 
of  sp.  gr.  1  '31 7 .  The  potaasic  salt,  C2H5 .K.SO4,  crystallises  in  coloiir- 
lesB  tables,  very  soluble  in  water,  as  is  also  calcic  ethyl  sulphaie, 
(C2H5)2Ca(S04)2>2H20,  which  loses  its  water  of  crystallisjition  in 
vacuo  over  sulpnuric  add. 

Hydrie  ethylic  sulphate  is  also  formed  by  bringing  together  ethy- 
lene (olefiant  gas)  and  sulphuric  acid  : 


+    g^so,  =  I 

2  \yl\2 

o 


i! 


^so, 


/ 

H 

This  compound  can  therefore  be  obtained  from  ordinary  coal  gas, 
which  contains  ethylene,  and  by  its  means  ethylic  alcohol  also  pi*e- 
pared. 

Hydrie  isoamyUc  sulphate,  isoamyl  sulphuric  acid,  C;,H|j.HS04. 
By  mixing  fermentation  amylic  alcohol  with  its  own  weight  of  con- 
centrated sulphuric  acid,  dilution  with  water,  neutralisation  by  baric 
carbonate,  and  evaporation  of  the  filtrate,  two  isomeric  baric  amyl- 
snlphates  are  obtained,  crystallising  in  largo  leaves,  aud  which,  on 
account  of  their  different  solubility  in  water,  can  be  separated  from 
one  another  by  repeated  cr}'stalli8ation. 

The  more  readily  soluble  barium  salt  is  that  of  the  optically  activo ; 
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the  less  soluble,  which  oocors  in  larger  quantity,  that  of  the  inactive 
amylic  alcohol.  From  them  the  respective  modifications  of  the  alcohols 
can  be  prepared  by  distillation  with  water  (§  170,  4  and  7). 

The  Neutral  AJkylic  StdphaUs. 

217.  The  only  neutral  sulphate  that  can  be  prepared  in  the  pure 
state  by  heating  the  alcohol  with  sulphuric  acid  is 

Dimeihylie  sulphate,  (0113)2804 : 

20H,.OH  +  H2SO4  =  (OH3)2S04  +  HjO. 

For  this  purpose  one  part  of  methylic  alcohol  is  distilled  with  eight  to 
ten  parts  of  strong  sidphuric  acid,  and  the  portion  distilling  at  150^ 
collected  separately.  This  is  then  washed  with  water,  the  oil  remain- 
ing undissolved,  dried  by  calcic  chloride  and  repeatedly  rectified.  The 
boiling  point  of  the  pure  sulphate  is  188°,  the  sp.  gr.  =  1*234.  It  has 
a  garlic  odour,  is  not  soluble  in  water,  but  is  slowly  decomposed  by  it 
into  methylic  alcohol  and  hydric  methylic  sulphate : 

(0H,)aS04  +  HjO  =  OH3.OH  +  0H3.H.S04, 

Distilled  with  sodic  chloride,  it  yields  methylic  chloride : 

(OH3)2S04  +  2Naa  ==  20H3.a  +  Na2S04. 

Diethylie  sulphate  is  formed  by  the  action  of  sulphuric  anhydride 
upon  ethylic  alcohol  or  ether,  together  with  isethionic  acid  and  ise- 
thionic  anhydride.  It  is  generally  prepared  by  passing  the  vapour 
of  sulphuric  anhydride  into  anhydrous  ether,  cooled  by  a  freezing 
mixture: 

(OjH5)20  +  80,=  (C,H5),S04. 

The  resultant  syrupy  liquid  is  diluted  with  water,  and  shaken  with 
ethylic  ether,  by  which  the  sulphate  is  dissolved.  The  ethereal 
layer  is  then  separated  from  the  lower  aqueous  add  solution,  and 
evaporated  in  vacuo.  Diethylie  sulphate  remains  as  an  oily  liquid 
of  peppermint  odour,  sp.  gr.  1*12.  By  heating  it  decomposes  with 
formation  of  ethylene,  and  therefore  cannot  be  obtained  by  distillation. 
Heated  with  water  it  yields  ethylic  alcohol  and  the  add  sulphate. 

Sulphites  of  the  Alcohol  Radicals, 

218.  Of  the  alkylic  salts  of  sulphurous  add,  S0(0H)2,  only  the 
normal  salts  are  known.  They  are  prepared  by  action  of  thionyl 
dichloride  on  the  alcohols  : 

SOClj  +  2C2H5.OH  =  2Ha  +  (C2HvO)2SO, 
or  S^O.CaHj 

together  with  the  alkylic  chlorides.  They  are  formed  in  more  com- 
plicated reaction  by  mixing  alcohols  with  chloride  of  sulphur,  together 
with  sulpho-alcohols  (mercaptans),  alcoholic  chlorides,  separation  of 
sulphur,  hydrochloric  acid,  kc, ;  e.g. 

SjCla  -f  3C2H5.OH  =  SO(OC2H02  +  C2H5.SH  -f  2HC1. 

(Mercaptan.) 

They  are  separated  from  the  mixed  products  by  fractional  distillation. 
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EihyHc  sulphite  of  the  above-given  formula  is  a  liquid  boiling  at 
16(y*,  of  1*085  sp.  gr.  at  16**,  and  of  peculiar  peppermint-like  odour. 
It  is  insoluble  in  water,  but  is  slowly  decompc^ea  thereby  into  ethylic 
alcohol  and  sulphurous  anhydride : 

(C2H5)2S03  +  HjO  =  2C2H5.OH  +  SO2. 

By  dry  chlorine  gas,  with  exposure  to  sun-light,  it  is  decomposed, 
3delding  perchlor-€)Uiane,  (CsClg),  trichlor-acetyl  chloride,  (CCI3.COCI), 
and  sulphuryl  chloride,  S0sCl2  : 

The  acid  alkylic  sulphites,  Se-CCnHjo^,,  have   not  yet  been 

X)H 
obtained,  but  the  bodies  isomeric  with  them,  the  alkyl   sulphonic 
acids : 

CnH2n + 1 


L 


2 

\ 

OH 

are  known,  and  will  be  described  amongst  the  compounds  of  the 
alcohol  radicals  with  sulphur. 

Compounds  of  the  Alcohol  RadicaU  tvith  the  Phosphorus  Adds. 

819.  Tribasic  orthophosphoric  acid  can  yield  three  different  alkylic 
salts,  corresponding  to  its  metallic  compounds : 

CnHjn+i'Ov  CqHjb+i.Ov  CnHjn+i'Ov 

HO^PO      CnHjn+i.OAPO       C„Hj„+i.OAPO 
HCK  H(X  CnHjn  +  i.CK 

Dihydric  alkylic  Hj'dric  dialkylic  Trialyklic 

Phosphates. 

of  which  the  two  hydric  salts  behave  as  a  dibasic  and  monobasic  acid 
respectively. 

It  will  suffice  in  this  place  to  describe  the  ethylic  compounds. 
The  others  are  either  not  prepared,  or  are  so  similar  in  properties  and 
preparation  as  to  make  a  description  superfluous. 

If  syrupy  orthophosphoric  acid  be  mixed  with  absolute  alcohol, 
there  results  mono-ethylic  phosphate,  together  with  a  little  diethylic 
phosphate,  certain  quantities  of  the  phosphoric  acid  and  alcohol  also 
remaining  unchanged : 

aHaPO^  4-  6C3H5.OH  =  ieC2H5.H2.PO4  +  2/(C2H5)2HP04 
+  (a-x-y)H3P04  -f  (6-a;-2y)C2H5.0H  +  (x  -f  2y)H20. 

A  better  yield  of  both  compounds  is  obtained  by  long  standing  of 
alcohol  and  glacial  metaphosphoric  acid  under  a  bell  jar ;  the  vapour 
of  the  first  is  slowly  absorbed,  with  formation  of  dihydric  ethylic  phos- 
phate : 

HPO3  -f  C2H5.OH  =  (C2H,)H2P04, 

which  by  further  action  of  the  alcohol  is  partly  converted  into  diethylic 
phosphate : 

(C2H5)H2P04  +  C2H5.OH  =  (C2H5)2HP04  -h  H2O  ; 
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the  water  so  formed  converting  unchanged  metaphosphoric  into  the 
tnbasic  acid,  which,  acting  on  the  alcohol,  gives  small  amounts  of 
both  salts. 

A  still  better  yield  is  obtained  by  allowing  phosphoric  anhydride 
to  deliquesce  in  alcohol  vapour : 

PA  +  3C2H5.OH  =  CaH5.H2.PO4  +  (02H5)aHP04. 

In  every  case  the  crude  product  is  diluted  with  water  and  neu- 
tralised by  plumbic  carbonate ;  plumbic  phosphate,  Pb3(P04)2,  and 
plumbic  ethylic  phosphate,  C2H5.Pb.PO4,  separate,  being  insoluble, 
and  the  cleai*  filtrate  contains  only  plumbic  diethylic  phosphate  : 


<§ 


O.G2H5  C2H5.0> 

Pb O^ 


PO^.C2H5  C2H5.0-^PO. 


By  evaporation  of  the  solution  this  latter  separates  in  silky  needles 
which  melt  at  180°.  If  their  solution  be  decomposed  by  hydric  sul- 
phate, and  the  plumbic  sulphide  filtered  off,  the  solution  contains 

C2H5.OV 
Diethylic  phosphate,  C2H5.0-^PO.     By  evaporation  in  a  vacuum 

HO^ 

it  remains  as  a  strongly  acid  syrup,  which  yields  in  most  cases  readily 
soluble  and  crystallisable  salts  with  metallic  oxides  or  carbonates. 

The  lead  salt  of  monethylic  phosphate,  being  insoluble,  is  found  in 
the  residue.  If  this  be  suspended  in  water,  and  hydric  sulphide 
passed  through  the  liquid,  phosphoric  acid  and  monethylic  phosphate  go 
into  solution ;  after  filtration  the  liquid  is  more  than  neutralised  with 
baric  carbonate,  and  the  insoluble  baric  phosphate  filtered  off.     On 

evaporation  of  the  filtrate  baric  ethylic  phosphate,  G  2^  b-^'^^  a  fi^J^t 
crystallises  in  colourlass  six-sided  prisms,  &om  which,  by  addition  of 
the  requisite  quantity  of  sulphuric  acid,  monethylic  phosphate  is  set 
free,  and  can  be  obtained  by  evaporation  of  the  filtered  liquid  as  a 
strongly  acid  syrup.  On  heating,  alcohol,  ethylic  ether,  and  later  ethy- 
lene, are  evolved,  and  a  residue  of  metaphosphoric  acid  and  carbon  is 
left. 

Triethylic  phosphate,  {C2H5)3P04,  is  formed,  together  with  a  salt  of 
monethylic  phosphate,  by  the  diy  distillation  of  a  salt  of  diethylic 
phosphate ;  e.g. 

Pb(C,H,,)4P20,  =  (CsH,,)3P04  +  Pb.(C,H5)P04 ; 

also  by  action  of  phosphoric  anhydride  on  pure  ethylic  ether : 

P2O5  +  3(C2H5)20  =  2(C2H5)3P04 ; 

and  by  addition  of  phosphoric  oxychloride  to  an  alcoholic  solution  of 
sodic  ethylate : 

POCI3  +  SNaOCaHs  =  3NaCl  -h  PO(C2H5.0)3. 

Triethylic  phosphate  is  a  colourless  neutral  liquid,  boiling  at  215% 
soluble  in  water,  alcohol,  and  ether,  and  after  a  short  time  deoom- 
IKxsed  by  the  fii'st  into  alcohol  and  diethylic  phosphate. 

820.  Of  the  salts  of  the  other  modifications  of  phosphoric  add 
tlie  best  known  is 
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Tetrorethylic  pyrophosphate,  (C2H5)4P207.  It  ie  obtained  by 
heating  argentic  pyrophosphate  with  ethylic  iodide  in  closed  tubes  at 
lOO**; 

Ag4P207  +  4C3H,I  =  4AgI  +  {C^Ii,),V^O^, 

It  is  separated  from  the  argentic  iodide  by  solution  in  ethylic  ether, 
an^  on  evaporation  of  that  solvent  remains  as  a  viscous  liquid,  is 
easily  soluble  in  water,  and  reacts  with  it,  probably  according  to  the 
equation : 

{Q^11,),VJ^^  +  H2O  =  2(CaH5)2HP04. 

221.  The  alkylic  phosphites  are  obtained  from  phosphorous  tri- 
chloride, which,  when  heated  with  alcohol  containing  a  Uttle  water, 
yields  hydrochloric  acid,  alkylic  chlorides,  and  mon-alkylic  phosphites, 
which  by  evaporation  are  obtained  as  add  syrups,  and  contain  only 
one  atom  of  replaceable  hydrogen.  If  ordinary  phosphorous  aci<l  be 
expressed  by  the  formula  : 

A 

these  acid  salts  would  be :  - 

The  methyHc,  ethylic,  and  amylic  metallic  salts  are  mostly  extremely 
soluble  and  difficultly  crystallisable. 

By  action  of  anhydrous  alcohols  upon  phosphorous  trichloride 
dialkylic  pJiosphitea  are  formed ;  at  least  an  isoamylic  salt  is  'so  pre- 
pai*ed : 

A 

PCI3  +  3(HO.C4H,,)  =  2IIC1  +  CgH.iCl  +  p-"p  „ 

^O.C,H„ 

At  the  same  time  trialkylic  phosphites,  (CnH2n+ 1)3^03,  are  formed, 
which,  however,  are  better  obtained  by  action  of  phosphorous  tri- 
chloride on  sodic  alkylates : 

PCI3  +  3NaOC„H2„+,  =  3NaCl  +  V0^{Qn^2n+x)y 

These  unpleasant-smelling  bodies  are  derived  from  a  phosphorous  acid, 
P(0H)3,  and  must  be  expressed  : 

<O.0nH2n+I 
O.CnHjn+i 

as  on  saponification  they  are  completely  decomposed  into  'alcohol  and 
a  metallic  phosphite,  and  on  oxidation  by  nitric  acid  are  convei'ted 
into  phosphoric  acid  ;  whilst  if  of  the  formula 

A 

p — ^nllyu-fl 
V   O.CnH2n+i 
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on  saponification  they  would  yield  the  salt  of  a  monalkylic  phos- 
phoric acid  (§  304),  and  on  oxidation  the  acid  itself. 

Triethylic  phosphite^  P(O.C2H5)3,  boils  at  191°,  and  has  sp.  gr. 
1075.     It  mixes  readily  with  alcohol  and  water. 

822.  K  in  the  action  of  PCI3  on  alcohol  the  former  be  in  excess, 
it  yields,  as  well  as  the  previous  bodies,  etlii/lic  phosphite  dichloride^ 

P^Cl  ,  as  a  colourless  liquid  of  1*316  sp.  gr.  and  boiling  at 

X)C2H, 
117°.     By  passing  chlorine  through  an  alcoholic  solution  of  this 
Uquid,  ethi/lic phosphate  dtchloride^  boiHng  at  1 67°,  is  produced,  accord- 
ing to  the  equation : 

CI  +  CI2  +  HO.C2H5  =  HCl  +  C2H5.CI  +  Pi:j3i^*"* 

CI  \.| 

223.  Arsenic  and  arsenious  acids  yield  compounds  which  generally 
cori-espond  to  those  of  the  phosphorous  acids.  The  normal  salts  are 
most  readily  prepared  by  action  of  alkylic  iodides  upon  the  ai^ntic 
salts;  e.g. 

AsO(OAg)3  -f  3IC2H5  =  3AgI  -f  AsO(OjH50)3. 

l^rietltylic  arseniate  can  be  distilled  unchanged  under  reduced 
pressure. 

The  normal  arsenites  are  best  prepared  from  arsenious  tribromides 
and  the  sodic  alkylate.  Trimethylic  arseniUy  As(O.CH3)3,  boils  at 
120°;  triethylic  arsenite,  A8(OC2H5)3,  at  166°-168°.  Both  are  at 
once  decomposed  by  water  : 

2As(0.tl2H5)3  +  3H2O  =  AsjOj  +  6C2H5.OH. 

Alkylic  Borates. 

224.  The  ortho-borates,  corresponding  to  B(0H)3,  are  obtained 
without  difficulty  by  passing  boron  trichloride  into  the  alcohols,  or  by 
heating  the  latter  with  boric  anhydride.  At  the  same  time  the  salts 
of  metaboric  acid,  BO.OH,  are  invariably  formed.  On  distilling  the 
mixture  the  trialkylic  borates  and  unchanged  alcohols  pass  over, 
whilst  the  metaborate  remains  behind.  Also  by  heating  crystallised 
boric  acid  with  alcohol  small  quantities  of  these  compounds  are 
formed,  which,  evaporating  with  the  alcohol,  impart  their  character- 
istic green  coloration  to  its  flame. 

The  alkylic  ortho-borates  are  colourless  liquids. 

Trimethylic  borate,  B(O.CH3)3,  boils  at  65°. 

Triethylic  horatCy  B{O.C2H5)3,  boils  at  120°,  and  has  sp  gr.  •887. 

Tri-isoamylic  borate,  B{O.C5H,i)3,  boils  at  255°. 

On  heating  these  with  boric  anhydride  they  yield  metaborates : 

B(O.CnH2„+,)3  +  B2O3  =  3B0(0.C„H,„+i), 

which  are  all  syrupy  liquids.  On  distillation  they  split  up  into  the 
volatile  ortho-borates,  and  a  residue,  glacial  on  cooling,  of  a  salt  of 
monobasic  triboric  add : 

4BO(O.C„IIs„+,)=B(O.C„Ha„+i)3  +  B30,(0.C„H,„„). 
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All  alky  lie  salts  of  boric  acid  are  decomposed  by  water  into  boric 
acid  and  alcohol ;  those  of  the  tribasic  acid  become  turbid  on  exposure 
to  moist  air. 

AUcylic  Silicat'es, 

225.  The  alkylic  silicates  are  foimed  by  action  of  silicic  tetra- 
chloride on  the  alcohols : 

SiCl^  +  4{HO.CnH2„^.,)  =  4HC1  +  Si(O.C„H2„+,)4. 

The  known  compounds  ai-e  distillable  liquids,  insoluble  in  water,  by 
which  they  are  slowly  decomposed  into  alcohols  and  glacial  hydrated 
silica.  This  latter  is  so  hard  that  it  scratches  glass,  and  is  very  similar 
to  the  mineral  hydrophane. 

Eihylic  silicate^  Si(OC2H.j)4,  is  a  colourless,  mobile  liquid  of  sp. 
gr.  -933  at  20^  boiling  at  165°. 

Jsoamylic  niliccUey  Si(O.C5Hjj)4,  boils  at  320^-325®,  and  has  sp. 
gr.  -868. 

At  the  same  time  as  the  oi*tho-silicates  others  are  formed,  such  as 
those  derived  from  metasilicic  acid,  which  are  alone  formed  when  the 
alcohols  employed  contain  water ;   e.g. 

ii^O.Uj 

Diethylic  silicate  of  this  formula  is  a  colourless  thick  liquid, 
which  boils  at  350°,  and  is  decomposed  into  alcohol  and  amorphous 
add  by  water. 

Ck)mpounds  of  the  polysilicic  acids  are  known ;  they  are  formed  in 
presence  of  only  very  little  water,  according  to  the  equation  : 


SiCl4  +  2HO.C.,H5  +  H2O  =  4HC1  +  Si^O.CaHa 


/; 

O.CH, 


Siz:x*);2"* 


2SiCl4  +  eilO.CaHs  +  H^O  =  8HC1  +  \J^-^2^5 

O.C2H5 

O.C2H5 

hexethylic  disili^xite,  boiling  at  230°-240°. 

226.  If  ethylic  orthosilicate  be  heated  with  silicic  chloride  in 
sealed  tubes,  they  unite  to  form  chlor  silicates  ; 

.Cl 
3Si(O.CaH4),  +  SiCl4  =  iSiZZ^n'S*  (boiling  at  155»-157°). 

/CI 
8i(O.C2H5)4  -I-  SiCl4  =  2SiZ:^*^  g     (boiling  at  136*'-138°). 

Si(O.CaH5)4  +  3SiCl4  =  4Si— ^J  (boHing  at  104*»). 
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Tbese  chlor  silicates,  on  treatment  with  ethjlic  alcohol,  again  yield 
ethylic  orthosilicate ;  with  other  alcohols,  mixed  salts ;  e.g. 

.O.CH,  Dimethylic  di- 
«'  {  (S!C.H,),  +  2HO.CH3  =  2HC1  +  Si^g^f^*^  ttfit^l 

Alh/lic  Carbonates. 

227.  The  number  of  alkylic  salts  derivable  from  carbonic  acid 
is  considerably  greater  than  that  of  the  metallic  salts.  In  the  latter 
it  acts  only  as  a  dibasic  acid,  but  with  the  alcohol  radicals  also  as  a 
tetrabasic  acid.  It  has,  therefore,  considerable  analogy  with  silicic 
acid. 

For  instance,  by  action  of  sodic  ethylate  upon  chlorpicrin 


O.C2H5 


Tetra-ethylic  carlxmatey  or  ethi/lic  ortlKhcarhonaie,  C — rvp^xr 
is  formed,  according  to  the  equation  : 

On^      +  4NaO.CjH5  =  3NaCl  4-  NaNOj  +  C{O.OaH5)4, 

as  a  liquid  boiling  at  158^-159°,  and  converted  by  aqueous  alkaUes 
into  alcohol  and  a  metallic  carbo^te  : 

C.(OCjH5)4  +  2K0H  +  H5O  =  K2CO3  +  ^{HO.CaHj). 

228.  The  dialkylic  carbonates,  CO.(O.CnH2n+i)9»  aJ^  prepared  by 
the  action  of  argentic  carbonate  upon  the  alkylic  iodides : 

CO(OAg),  +  2C„Hj„+,I  =  2AgI  +  CO{O.C„Hj„+,)»; 

by  heating  the  alkylic  oxalates  with  sodium,  to  some  extent   by 
passing  carbonic  oxychloride  into  the  alcohols  : 

COCI2  +  2HO.C„H2n+i  =  2HC1  +  C0{0.C„H2„+i)j; 
and  by  action  of  bromine  upon  the  alkylic  ortho-carbonates. 

Diethylic  carbonate,  C;--O.C2H5,  a  colourless  liquid,  of  aromatic 

odour,  inhM)luble  in  water,  boiling  at  126°,  and  of  sp.  gr.  '978  at  20°. 

Dipropylic  carbonate^  CO.(O.CH2.CH2.CH3)2,  a  colourless  mobile 
liquid,  boils  at  160°-165°. 

Diiaobutylic  carbonaUy  CO  [  O.CH2.CH<]^tt3  j  2,  a  pleasant-smell- 
ing liquid,  boiling  at  190°. 

Diisoamylic  carbonate,  C0,{0.C^lln)2y  hoUs  at  225°,  and  has  sp. 
gr.  'dlU. 
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229.  Acids  silts  of  the  formula  C^O.CjHj  are  not  known,  but 

their  metallic  salts  are ;  they  are  formed  by  adding  to  the  normal 
alkylic  carbonates  a  quantity  of  basic  hydrate  insuf&cient  for  their 
complete  saponification  : 

C^O.CaHs  +  KOH  =  C^CC^Hs  +  CjH^.OH, 
X).C2H.,  X)K 

and  by  passing  carbonic  anhydride  through  alcoholic  solutions  of  the 
metallic  alkylates : 

CO,  +  NaO.CJIj  =  C^O.CaH., 

N)Na 

Solutions  of  the  alkalies  and  of  baric  hydrate  in  absolute  alcohol 
always  contain  some  quantities  of  the  respective  metallic  alkylates 
(§  198) ;  on  addition  of  dry  carbonic  anhydride,  therefore,  there  is 
formed,  in  addition  to  a  precipitate  of  metallic  carbonate,  also  a 
metallic  alkylic  carbonate,  which  l:)eing  somewhat  soluble  in  alcohol, 
can  be  sepaniteil  from  the  niotiiUic  carbonate  and  obtained  in  the 
crystalline  condition  by  addition  of  ethylic  ether  to  the  solution. 

The  metallic  alkylic  carlx)nates  mostly  form  scaly  crystals  of 
silky  lustre,  which  ai-e  soluWe  in  water,  and  are  decomposed  thereby, 
most  quickly  on  heating  : 


J^O.CHa  C^.CHa  +  H.,0  =  C^(K 
N)— Ba— ^  N>^ 


Ba  +  2CH3  OH  +  OO2. 

By  dry  distillation  with  metallic  alkylic  sulphates,  or  by  heating 
with  alkylic  it>di  !es,  they  are  converted  into  normal  salts;  this 
uieth(Kl  can  l)e  used  for  pi-eparing  the  so-called  *  mixed  salts/  i.e.  those 
contiiining  two  ditlerent  alcohol  nidicals : 

K(C,Tl5)C03  4-  K(CH3)S04  -.  (CH3)(C,H5)C03  +  K.SO,. 

230.  The  chief  products  of  the  action  of  carbonic  oxychloiide  ujwn 
alcohols  are  not  nonn;d  cjirbonates,  but  the  alkylic  chlox'o  carhoiiates, 

C^Cl  ,  so  that  the  i-eaction  cori-csponds  more  to  the  oqua- 

tion : 

aC^l  +  «»HO.C'„H,n^.i  =  7^^\  +  (a-a:)C^O.C„H^+, 

N^l  N).CnH2n+i  X).0„H2„+i 

+  (2a-x)HCI  +  (^>-2a  4-a:)HO.C„H:2n+i, 

where  h  must  at  least  =  2rt,   and  x   is  invariably  larger  than  \a. 
The  two  products  are  sepai-ated  by  fractional  distillation. 

The  alkylic  cliloro-carbojiatea  ai-e  liquids  insoluble  in  water  and 
of  unpleasant  odour.     By  water  they  are  soon  decomposed  : 

C0.Cl(0.CnH2„+,)  +  H^O  =  HCl  +  H0.CuH2„+i  +  CO^. 

M 
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Treated  with  sodium,  they  yield  sodic  chloride,  carbonic  monoxide, 
and  neutral  alkylic  carbonates  : 

20^  +  Naj  =2NaCl  4-  CO  +  CO(O.C„H2n+,)2. 

Methylic  chlor<hcarbonate^  C^-Cl        ,  is  a  colourless  mobile  oil. 

N).CH3 

EthyUc  chlor<hcarb(mcUe,  C^Ol  ,  is  like  the  last,  boils  at 

N),C2H5 

94%  and  has  sp.  gr.  M39  at  15°. 

Fropi/lic  Moro-carhonatey  CI.CO.O.CH2.CH2.CH3,  boils  between 

120*'  and  130°. 

CH 
Isohutylic  chloro-carhonate,   Cl.CO.O.CHa.CH^QTT^,  decomposes 

by  distiUation. 

231.  Alkylic  carbamateSy  also  termed  urethanes,  are  formed  as 
the  first  decomposition  products  of  alkylic  normal  carbonates  and 
chloro-carbonates  by  ammonia : 

C^.C„H2„+,  +  NH,  =  C^Hj  +  HO.C„Hj„+i 

C^Cl  +  2NH,  =  C^Ha  +  NH^Q ; 

further  by  the  action  of  cyanogen  chloride  on  alcohols  : 

\  X).CnH2n+i 

CI 

By  heating  urea  with  the  alcohols  to  tempei-atui-es  above  100°, 
they  partly  react  on  one  another,  forming  carbcuuates  : 

C^NHa  +  H0.C„H2„+i  =  NH3  +  C^H, 

This  process  can  only  be  conducted  with  the  higher  boiling  alcohols  in 
open  vessels,  which  allow  the  evolution  of  ammonia ;  for  instance,  with 
the  amylic  alcohols.  By  employing  nitrate  of  urea  instead  of  urea 
itself,  the  process  can  be  applied  to  Uie  lower  boiling  alcohols  by  em- 
ployment of  sealed  tubes : 

C^-NHa  +  HO.CnHjn+i  =  NH^.O.NOa  +  Cf-NHj 

NNHj.O.NOa  N3.C„H2n^., 

The  alkylic  carbamates  are  solid  crystalline  compounds,  mostly 


Isobuti/licoarbamatey  0^1^112  prr       melts    at    6b^    and 
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readily  soluble  in  alcohol  and  water.     By  strong  bases  they  aix3  con- 
verted into  carbonates,  ammonia,  and  alcohols  : 

C^NH,  +  2K0H  =  CO(OK)j  +  NH,  +  HaC„H»,+, ; 

and  by  heating  with  excess  of  alcoholic  ammonia,  yield  urea  and 
alcohols : 

C^Ha  .f  NH3  =  C^NHj  +  HO.CpHjn+i. 

Methylic  carbamate,  C^NHj   ,  forms  very  hygroscopic  tables, 

X).CH3 

which  melt  at  55^  and  boil  at  177°. 

Eihylic  carbamate,  CO.(NH2)(O.C2H5),  crystallises  in  glittering 
leaves,  which  melt  below  100°  and  boil  at  about  180°. 

Propylic  carbamate,  CO(NH2)(O.CH2.CH2.CH3),  large  colourless 
prisms,  which  melt  at  50°  and  are  less  soluble  in  water  than  in 
alcohol  or  ether, 

X).CH2.CH<^,^3» 
boils  at  207°, 

Isoamylic  carbamate,  (j^^Jl^i       ,  crj'stallises  in   easily   soluble 

needles,  melting  at  66°  and  boiling  at  220°. 

232.  The  alkylic  allophanatea  stand  in  the  same  relation  to  biuret 
(§  137)  as  the  cai*bamates  to  jirea  : 

Cfe=0         urea.  C^  0  carbamate. 

\NH2  \0.C„H2n+i 

/NH2  /NH2 

yNH     biuret.  yNH     allophanate. 

NNH2  ^\0.C„H2n+, 

A  general  method  of  preparation  consists  in  passing  cyanic  acid  vapour 
into  alcohols  : 

2CNH0-f  CnHan  +  i.OH    ^    \nH 

CO 
\ 

O.C'nHan  +  i 
M2 
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Tkey  are  easily  obtained  by  boating  alkylic  cblor-carbonates  witb 
urea : 

NH, 

NHa  CI  ^ 

do         +       do  =  yNH  +      HCl 

\  \  do 

NHj  O.Cnlljn  + 1  V 

O.CnH2n+i 

and  also,  togetber  witb  carbamates,  by  tbe  action  of  bigb-boiling  aloo- 
bols  upon  urea  at  bigber  temperatures ;  e.g. 

2C0        +  H0.C5lI,,.  =  2NH3  +  ^NH 

\  do 

NH,  X^ 

OAHn 

As  tbey  are  more  difficultly  soluble  in  water  tban  tbe  carbamates 
formed  at  tbe  same  time  (§  231),  tbey  can  be  readily  separated  from 
tbe  latter. 

On  submitting  alkylic  allopbanates  to  dry  distillation,  tbey 
evolve  alcobols,  and  leave  a  residue  of  cyanuric  acid,  whicb  on  fur- 
ther beating  is  resolved  into  cyanic  acid  : 

3NH2.CO.NH.CO.O.CnH2n+i  =  3HO.CnH2„+i  -f  2C3O3N3H3. 

On  beating  tbem  in  closed  tubes  at  100°  witb  alcobolic  ammonia, 
tbey  yield  biuret : 

NHa.CO.NH.CO.O.CnHjn  +  i  +  NH3  =  NHa.CO.NH.CO.NHa 

233.  Metbylic,  etbylic,  and  isoamylic  allopbanates  bave  been  pre- 
pared ;  tbe  two  first  crystallise  in  needles,  tbe  last  in  nacreous  plates 
melting  at  1 62°. 

If  tbe  alkylic  allopbanates  are  rubbed  together  with  baiic  hy- 
drate in  tbe  cold,  baric  allophanate  is  formed,  together  with  alcohol : 

2(C2H5.0.CO.NH.CO.NH2)  +  Ba(0H)2  =  Ba(O.CO.NH.CO.NH2)2 

+  2C2H5.OH. 

Baric  allophanate,  however,  is  very  readily  decomposed,  and  allo- 
phanic  acid  cannot  be  obtained  by  addition  of  strong  adds,  as  it  splits 
up  into  carbonic  anhydride  and  urea : 

NHr.CO.NH!cO.O>^  +  2HCl  =  BaCl2  +  CO2  +  2(NH2.CO.NH2). 

• 

Compounds  of  Alcohol  Radicals  with  the  Cyanogen  Adds, 

234.  The  true  alkylic  cyanates  are  very  unstable  liquids,  insoluble 
in  water,  and  are  formed  when  tbe  vapour  of  cyanogen  chloride  is 
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passed  into  alcoholic  solutions  of  metallic  alkylate  at  a  low  tempera- 
tare: 

C^N  +  NaO.CHa  =  NaCl  +  C=N     methylic  cyanate. 

CI  O.CH3 

CSN  +  NaO.CaHj  =  NaCl  +  C^N     ethyUc  cyanate. 

\  \ 

CI  O.C2H5 

With  alkalies  they  yield  alcohol  and  a  metallic  cyanate : 

C=N  +  KOH  =  C^N  +  CnH2„+  i.OH. 

O.C„H2„+,  OK 

The  pseudocyanates  are  isomeric  with  the  cyanates,  and  for  a  long 
time  were  mistaken  for  them.  These,  however,  belong  to  the  nitrogen 
compounds  of  the  alcohol  radicals,  and  will  be  considered  later. 

235.  During  their  formation  even,  the  alkylic  cyanates  partly 
polymerise,  but  completely  on  long  standing,  yieldii^;  thereby  the 
solid,  crystalline,  alkylic  true  cyanurates.  This  change  occurs  espe- 
cially easily  with  the  methyl  compound. 

Methylic  cyanurate,  C3N3(O.CH3)j,  or 

CH3.0.C=N 


N— C— O.CH, 

I       I 
CH3.O.C— N 

crystallises  in  colourless  needle.^,  easily  soluble  in  ether,  which  melts 
at  134°  and  boils  at  160^-170^  The  distillate  solidifies  to  a  crystal- 
line mass,  which  consists,  however,  of  the  isomeric  methylic  pseudo- 
cyanurate,  which  crystallises  in  thick  prisms,  melts  at  176°,  and  will 
be  further  described  amongst  the  nitrogen  compounds  of  the  alcohol 
radicals  (§  281). 

Methylic  cyanurate  yields,  on  l)oiling  with  potassic  hydrate,  me- 
thylic alcohol  and  potassic  cyanurate ;  by  heating  with  ammonia  it  is 
convei-ted  into 

Methylic  ammelide,  or  methylic  amido-cyanuraie : 

(C3N3)(OCH3)2.NH2 

(C3N3)^!CH3  +  NH3  =  HO.CH3  +  (C3N3)^;CH3 
\O.CH3  ^NHa 

forming  rhombic  tables,  melting  at  212°,  difficultly  soluble  in  cold 
water  and  in  ether,  more  readily  in  boiling  water  and  in  ethylic 
alcohol. 

Sulphur  Compounds  op  the  Alcohol  Radicals. 

236.  As  far  as  is  known  the  sulphides  of  the  elements  correspond  to 
the  oxides  in  their  general  chemical  propei-ties ;  this  agreement  of  sul- 
phur with  oxygen  also  occurs  in  organic  coni()ounds,  so  that  all  organic 
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Biilphides  containing  dyad  sulphur  show  very  complete  analogy  to  the 
oxygen  compounds  of  corresponding  composition. 

The  mercaptans,  or  thio-alcohols,  CnHjn+i-SH,  correspond  to  the 
alcohols;  the  thio-ethers,  or  alcoholic  sulphides,  (CnH2n+i)2S,  to  the 
ethers.  In  many  cases  the  sulphur  developes  its  higher  valency, 
forming  bodies  without  analogy  among  the  mineral  compounds  of 
sulphur. 

Mercaptans y  or  Thio-alcohols y  CnHjn+i-SH. 

237.  The  alkylic  sulphhydrates,  or  thio-alcohols,  can  be  prepared 
from  many  of  the  derivatives  of  the  alcohol  radicals  already  men- 
tioned. 

The  alcohols  are  partly  converted  into  the  mercaptans  when 
heated  with  phosphoric  pentasulphide.  In  a  similar  manner  to  its 
decomposition  by  water  into  phosphoric  acid  and  hydric  sulphide,  it 
gives,  in  part,  wj|h  alcohols,  phosphoric  acid  and  thio-alcohols. 

The  phosphoric  acid  is,  at  the  same  time,  in  considerable  part 
converted  into  its  alkylic  salts,  so  that  the  main  reaction  may  be 
represented  by  the  equation  : 

PA  +  8(C„Hs«  +  ,.0H)  =  {C.H^+,)jHP04  +  (C„H^+,)H»P04 

But  as  phosphoric  pentasulphide  behaves  to  the  thio-alcohols  similarly 
to  P2O5  on  the  alcohols,  alcoholic  thio-phosphates  are  also  formed. 

From  the  haloid  compounds  of  the  alcohol  radicals  the  mei'captans 
can  be  produced  by  heating  with  alcoholic  solution  of  potassic  sulph- 
hydrate : 

C||xl2a^|Cl  -f"  KSH  ^  CnH2n+i»SH  -f-  KCl. 

A  portion  of  tiie  mercaptan  first  formed  reacts  on  some  still  unchanged 
potassic  sulphhydrate,  forming  the  potassic  thio-alkylate  (compare 
§  197) : 

CnIl2n+l»SH  4"  KSH  ^^  SHj  4"  CnH2n+i»S.K; 

which  in  its  turn  reacting  on  the  alkylic  haloid  compound,  gives 
rise  to  the  formation  of  thio-ethers  : 

CnH2n+i-SK  -}-  CnH2n+iCl  =^  (CnH2n+i)iS  +  KCl. 

It  is  therefore  generally  preferable  to  submit  a  mixture  of  an 
alkylic  potassic  sulphate  with  potassic  sulphhydrate  to  distillation  : 

(CnH2n+i)KS04  -^  KSH  =  K2SO4  -f  C«H,„  +  ,.SH. 

238.  The  thio-alcohols  are  mostly  liquids  of  most  unpleasant  garlic 
odour,  which  distil  without  decomposition  and  are  nearly  insoluble 
in  water.  Their  sulphhydroxylic  hydrogen  atom  is  more  easily  re- 
placed by  metaJs  than  the  hydi*oxylic  hydrogen  of  alcohols,  being  not 
merely  the  case  only  by  the  alkalies,  but  also  with  equal  or  greater 
ease  by  those  heavy  metals  which  are  precipitated  from  acid  solutions 
by  hydric  sulphide.  This  reaction  occurs  with  especial  ease  with 
mercury.  On  shaking  an  alcoholic  solution  of  a  thio-alcohol  with 
mei-curic  oxide,  a  crystalline  mercuric  thio-alcoholate  is  formed,  with 
considerable  evolution  of  heat : 

2C„H«^  ,.SH  +  HgO  =  H,0  +  ^''5'°+'|>Hg; 
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whilst  with  an  alcoholic  solution  of  mercuric  chloride  a  precipitate 
of  the  difficultly  soluble  chlor-mercuric  thio-alkylate  is  obtained  : 

CnHan^  i.SH  +  HgCla  =  HCl  +  CnHan  +  j.S— Hg— 01. 

From  these  reactions  the  thio-alcohols  have  got  the  name  mercap- 
tans  (from  mercurio-aptuvi) ;  the  metallic  deriratives  are  frequently 
termed  mercaptides. 

All  oxidating  bodies  react  very  readily  on  the  mercaptans,  the 
more  energetic,  such  as  concentrated  nitric  acid,  often  with  gi*eat  vio- 
lence. By  such  oxidation  the  sulphur  is  not  separated  from  the 
carbon,  but  by  taking  up  three  atoms  of  oxygen  is  convei'ted  into  the 
group  SO2.OH,  which,  united  to  the  alcohol  radical,  forms  a  sul- 
phonic  acid : 

C„H2„  +  i.SH  +  2HNO3  =  H2O  +  NjOj  +  CaHan+i.S^O 

\0H 

239.  Methylic  mercaptan,  or  methylic  thw-alcohol,  CH3.SH,  is  a 
mobile  liquid  which  floats  on  water,  boils  at  20*^,  and  yields  with 
mercuric  oxide  shining  colourless  plates  of  mercuric  stdph-methylate : 

Ethylic  mercaptaviy  or  ethylic  thuhalcoholy  C2H5.SH,  is  a  colourless 
mobile  liquid,  of  sp.  gr.  -835  and  boiling  at  36°.  By  qtdck  evapora- 
tion in  the  air,  e.g.  a  drop  at  the  end  of  a  glass  rod,  it  absorbs  heat  so 
rapidly  that  a  portion  solidifies  in  crystalline  leaves.    Mercuric  ethylic 

mercaptide,  or  mercuric  sulph-eihyluief  ^i^jT^'^^Hfr^  crystallises  from 

boiling  alcohol  in  beautiful  silvery  plates,  which  melt  at  86°.     By 
hydric  sulphide  it  is  decomposed  with  re-fonnation  of  mercaptan  : 

(C,H,,.S)2Hg  +  H,S  =  HgS  +  2CjH|':§fI, 

and  serves  for  the  purification  of  the  latter. 

Aurotis  thio-^thyltxte,  Q^^.^.AxHy  is  precipitated,  on  mbcing  dilute 
alcoholic  solutions  of  mercaptan  and  auric  chloride,  as  a  white  soft 
mass.  Potassic  thio-ethylate,  usually  prepared  by  dissolving  potassium 
in  mercaptan  : 

2C2H5.SI1  -+-  K2  =  H2  "¥  2C2iT5.SK, 

crystallises  in  colourless  needles. 

Propylic  thi^alcohol,  CHa^CHa.CIIa.SH,  boUs  at  67°-68^ 

Isopropyliethio-alcohol,  pri^^CH.SH,  boils  between  67°  and  60^ 

Butylic  thio^alcohol,  CH3.CH2.CH2.CH2.SH,  boils  at  98°. 

laoamylic  thio-alcohol,  pTT^CH.CHa.CHa.SH,  is  a  colourless  oil 

3 

of  sp.  gr.  -855  at  0°  and  boiling  at  120°. 

ThUy-ethers,  or  Sulphides  0/  the  AUohol  Radicals,  (OnH2n+i)2S. 

240.  One  method  of  formation  of  these  bodies  has  been  already 
ijivcn  (§  237).     They  are  obtained  in  nearly  theoretical  quantity  by 


168       DERIVATIVES  OF  THE  ALCOHOL  RADICALS,  CnH.^+,. 

the  action  of  alkylic  haloids  on  an  alcoholic  solution  of  potassic  sul- 
phide : 

2CHa,+,.Cl  +  K^S  =  2KC1  +  (CnHan+i)2S; 

or  bj  distillation  of  a  mixture  of  potassic  sulphide  with  the  acid  sul- 
phate of  an  alcohol  radical : 

2C,H2„+,.KS04  +  KjS  =  2K2SO4  +  (CnH2„  +  i)iS. 

They  are  also  formed  by  the  dry  distillation  of  mercuric  mercaptides : 

So  far  as  known  they  are  coloui'less  liquids  of  most  unpleasant 
odour,  miscible  with  alcohol  and  ether,  but  not  with  water,  and  which 
readily  take  up  two  atoms  of  oxygen  from  oxidising  agents.  With 
metallic  salts,  especially  those  of  mercury,  they  yield  solid  compounds, 
as  also  with  the  iodides  of  the  alcohol  radicals.  They  also  unite 
directly  with  two  atoms  of  the  halogens. 

241.  Diniethylic  sulphide,  (CH3)2S,  is  a  colourless  liquid,  boiling  at 
4^  and  of  sp.  gr.  '845.     Dimethylic  sulphide-dibromide  : 

(CH3)2=zS=zBr2, 

crystallises  in  deliquesoent  octahedra. 

Dieihylic  atdphide,  (02115)28,  boils  at  91°  and  has  sp.  gr.  *835. 
In  alcoholic  solution  it  gives,  with  mercuric  chloride,  a  white  crys- 
talline precipitate  of  the  formula  (C2H5)2S,HgCl2,  probably 

\Hg-Ol 
^Cl 

with  platinic  chloride,  2(C2H5)2S,PtCl4 

•C2H5         C2H5V 
^  g^C2Hg  ^^  C2H5— a 

N:)i    /\    a/ 

01    01 

Dipropylic  sulphide,  (CH3.CH2.CH2)2S,  boils  between  130®  and 
135%  and  has  at  17°  sp.  gr.  -814. 

Dibfdylic  sulphide,  (CH3.CH2.CH2.CH2)2S,  boils  at  182°. 
Liisobutijlic sulphide,  f^^^yCU.CK^^i^,  boUs  at  172°-173°. 

Diisoamylic  sulphide,  (O5H  11)28,  boils  at  216°. 

Compounds  containing  two  different  alcohol  radicals  have  also 
been  prepared — e.g.  ethylic  isoamylic  sulphide,  obtained  by  action  of 
sodic  thio-isoamylate  upon  ethylic  iodide,  or  of  sodic  thio-ethylate  upon 
isoamylic  bromide : 

CaHfi.SNa  +  BrCftHi,  =  NaBr  +  CjHg.S.CsHi,, 

as  an  oil  boiling  between  157°  and  159°. 
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AUcylic  Persulphides,  (C'nH2n  + 1)282' 

S42.  Persulphides  of  the  alcohol  radicals  are  prepared  by  dry  dis- 
tillation of  potassic  alkylic  sulphates  with  K2S2 : 

K — S  ^n^2n  + 1 'S 

2CnH2„+ 1.KS04  +         I  =  K2SO4  +  I 

K — S  C'nH2n+i»S 

They  are  also  obtained  with  great  ease  by  action  of  iodine  on  sodic 
mercaptides : 

CnH2n+i.S 

2(C„H2n  +  i.SNa)  +  I2  =  2NaI  +  I 

CnH2n+l'S 

Ethylic  persvlphide,  C2H5 — S — S — O2H5,  is  the  best  investigated 
of  these  bodies ;  it  is  a  colourless  liquid  of  nauseous  odour,  boils  at 
151°,  and  has  nearly  the  same  density  as  water. 

The  corresponding  Uoamylic  compound,  (C5H  11)282,  distils  at 
250°. 

Alkylic  Sulpho-saUs, 
243.  The  alkylic  salts  of  true  sulpho-cyanic  acid,  C=N,  which  are 

\ 

S.CnH2n+i 

isomeric  with  the  mustard  oils,  C=rN.CnH2n+ 1,  to  be  described  later, 

\ 

S 

are  obtained  most  readily  by  distillation  of  potassic  alkylic  sulphates 
with  potassic  sulpho-cyanate  in  aqueous  solution  : 

CnH2n  +  ,.KS04  +  C=N  =  K2SO4  +  C=N 

SK  S.CnHjn+i 

or  by  heating  metallic  sulpho-cyanates  with  alkylic  iodides. 

The  best  known  is  

Ethyl\4i  8tUpho-cyanatej  C2H5.S.C1ZZN,  a  colourless  liquid,  not 
miscible  with  water,  which  boils  at  146°,  and  at  0°  has  sp.  gr. 
1  033.  By  boiling  with  an  alcoholic  solution  of  potassic  sulphide,  it 
pelds  ethylic  sulphide  and  potassic  sulpho-cyanate  : 

2N^C-S-C2H5  -f  K2S  =  2N=C— S— K  -f  (CjH5)2S; 

whilst  potassic  hydrate  decomposes  it  into  ethylic  persulphide,  potassic 
cyanate,  and  potassic  cyanide : 

2N=C— S-C2H.,  -h  2K0H  =  (C2H5)2S2  +  N^C— K 

+  CONK  -f  H2O. 

There  are  also  known  : 

Methylic  sulpho-cyanate,  CH3.S — C=N,  boils  at  133°,  sp.  gr. 
1  -088  at  0°. 

laopropylic  8ulph(hcyanate,  pTT^]>CII.S.Cb=N,  boiling  at  149°- 
151°  and  of  sp.  gr.  -963  at  20°. 
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Pot^uticethyliedwxi^sulpho'Oarbonaie^  C^-O.CsHjySCfMknte,  whilst 
mercaptan  remains  in  solnticm : 

C^.CjHj  +  HOK  =  C^.CjH,  +  HS.C,Hs. 

By  boiling  its  aqueous  solution  this  salt  decomposes  into  potassic  car- 
bonate, alcohol,  and  carbonic  disulphides ;  acids  also  causing  the  same 
change. 

The  corresponding  ethylic  compound,  dietkyHc  dioxy-wdphthcar- 

bonaUf  C^0.02H5,  is  formed,  together  with  ethylic  xantbate,  by  the 

dry  distillation  of  xanthogen  persulphide,  according  to  the  equation  : 


y\J J.C2H5 

2  I  =  C^.CjHj  +  C^.CjHj  +  CO  +  3S  +  CSj. 

S^^^^  X).C2H5  ^S.C,H5 

X^-O.CjHs 

It  is  A  colourless  oil  of  ethereal  odour,  somewhat  heavier  than  water, 
and  boiling  at  16  P. 

249.  Diethylic  thio-oxi/carbonaU,  C^O.C^Hs,  isomeric  with  the 

preceding,  is  obtained  by  the  action  of  potassic  mercaptate  on  ethylic 
chloro-carbonate : 

(^O.CjHj  +  K.S.C,H5  =  KCl  +  C^.CjHs 
MJl  \S.C,H5 

It  boils  at  155°-156°,  and  is  decomposed  by  potassic  hydrate  into  car- 
bonate, ethylic  alcohol,  and  ethylic  mercaptan. 

250.  A  compound  isomeric  with  ethylic  xantliate,  ethylic  dUhiO' 

carboruUe,  C^  S.C3H5,  results  from  the  decomposition  of  ethylic  thio- 
\S.C2H5 

cyanate  by  sulphuric  add  : 

2C^N  f  SHjO  +  2H2SO4  =  C^.CjH,  +  COj  +  2(NH4)HS04. 
\  \S.C2H5 

0.C2H5 

Trialkyl-sulphine  Compounds, 

251.  The  alkylic  sulphides  unite  slowly  with  alcoholic   iodides 


TRIALKYL-SULPHINE   COMPOUNDS.  173 

at  ordinary  temperatures,  more  quickly  at  100**,  to  form  colourless 
cryBtalline  compounds  of  tetravalcnt  sulphur  of  the  formula 

yC'nH2n+i 
vCnH2n    1 

which  behave  as  though  they  were  the  iodides  of  strongly  positive 
monovalent  radicals,  S(CnH 20+1)3,  and  are  termed  trialkylic  sulphine 
iodides.  The  trialkylic  sulphine  bromides  are  formed  in  similar 
m^inner  from  the  thio-ethers  and  alcoholic  bromides.  These  bodies 
are  readily  soluble  in  water  and  alcohol,  and  are  decomposed  when 
heated  alone  into  alcoholic  sulphide  and  iodide. 

On  shaking  their  aqueous  solutions  with  freshly  precipitated  ar- 
gentic oxide,  the  argentic  haloid  salt  is  precipitated,  whilst  hydrate 
remains  in  solution : 


2n+i 
2n+| 


These  hydrates  are  difficultly  crystallisable  bodies  of  strongly  alkaline 
properties,  which  deliquesce  in  damp  air.  They  absorb  gaseous  car- 
bonic anhydride,  and  when  mixed  with  metallic  salts  unite  with  the 
ikcid,  precipitjiting  the  metal  as  hydrate.  On  warming  with  ammonic 
salts  they  expel  the  ammonia ;  e.g. 

NH4CI  +  S(C2H5)3.0H  =  8(021X5)301  +  HjO  +  NH3. 

The  trialkylic  sulphine  salts  are  also  formed  by  saturating  the 
hydrates  with  acids,  and  react  neutral.  They  are  mostly  deliquescent, 
soluble  in  alcohol  but  not  in  ether.  The  chlorides  yield  with  platinic 
chloride  soluble  double  salts  of  the  formula  [S(OnH2n+i)3]2PtO]6. 

The  ethyUc  compounds  have  been  most  thoroughly  investigated. 

TriethylrStUphiyie  cMorUle,  8.(02115)301,  forms  needle-shaped 
crystals,  yielding  with  platinic  chloride  inch-long  red  needles  of 
[S(C,H5)3]2l'tCl«. 

Triethylrsulphiiie  bromide,  S.(02H5)3Br,  and  triethylrsulplmie 
iodidey  8(02115)31,  form  rhombic  crystals,  frequently  tables. 

Triethylrsulphine  hydrate,  8(02H5)3.0H,  forms  extiemely  deli- 
quescent crystals,  which  attack  the  skin  and,  like  potassic  hydi-ate, 
dissolve  precipitated  alumina. 

Triethylrsulphine  nitrate,  S(02H5)30.N02,  crystaUises  in  radiat- 
ing deliquescent  laminse,  which  yield  with  argentic  nitrate  a  double 
salt  forming  scaly  ciystals  and  difficultly  soluble. 

TrimethyJrSulphine  compounds  have  also  been  prepared,  such  as 
the  iodide,  bromide,  chlcrido,  and  hydrate,  and  also  as  a  product  of 
the  action  of  methylic  iodide  on  diethylic  sulphide,  a  non-crystallisable 

Diethyl-methyl  stdphine  iodide,  8(021X5)20113.1. 

AUcylsulphinic  Adds,  0nH2n+i'S0.0H. 
252.  The  zinc  salts  of  these  monobasic  acids  are  formed  by  action 
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of  sulphurous  anhydride  upon  the  zinc  compounds  of  the  alcohol 
iTfioicals  * 

Zn(CnH2„+i)2  +  2S0a  =  (C„H5^+,.SO.O)2Zn. 

The  evolution  of  heat  is  so  considerable  during  this  process  that 
the  zinc  organic  compound  must  be  diluted  with  much  ether,  and 
be  well  cooled  during  the  absorption  of  the  gas.  In  order  to  obtain 
the  free  acid  the  zinc  salt  is  decomposed  by  baric  hydrate,  and  the 
filtered  baric  salt  solution  precipitated  by  an  equivalent  quantity  of 
sulphuric  acid  : 

(CnH2n+i.S0.0),Ba  +  HaS04  =  BaS04  +  2C„H2n+,.SO.OH. 

The  acids,  concentrated  as  far  as  possible  by  evaporation  in  vacuo, 
are  acid  syrups,  which  on  heating  partly  decompose  with  separation 
of  sulphur.  By  concentrated  nitric  acid  they  are  oxidised  to  alkyl- 
sulphonic  adds : 

CnH2n+i  Cn"2n+l 


3S0  +  2HNO3  =  3S0a         +  HjO  +  NaOj. 

I  I 

OH  OH 

Meiliyl-sulphinic  add,  CHj.SO.OH,  and  ethyUsulphinic  add, 
O3H5.SO.OH,  have  been  prepared  ;  the  zinc  salt  of  the  latter  crystal- 
lises in  delicate  nacreous  plates  of  the  formula  (CsH5.SO.O)2Zn,H20, 
and  is  rather  difficultly  soluble. 

AVcyhulphonic  Adds,  CnH2n^.i.S02.0H. 

253.  In  the  monobasic  sulphonic  acids  the  carbon  of  the  alcohol 
itidical,  similarly  to  the  bodies  of  the  last  group,  is  united  to  the 
sulphur  of  the  acid  radiail,  which  latter  is  in  union  with  hydroxyl. 
These  compounds  are  obtained  with  great  readiness  by  oxidation  of 
the  mercaptans : 

OnHan+i  ^nH2n+i 

I  +30=   I 

S^-H  SO2 


OH 

the  alkylic  persulphides : 

OnHjn+i    OnH2n+i  OnH^n+i 


S S  +  50  +  H2O  =  2  SO2 

I 
OH 

and  the  alkylic  sulphocyanates  : 

OnHan+i 
C'nH2n+i 


-f  2H2O  +  30  =      SO2         +  CO2  +  NH3. 

»— 03^  I 

OH 

Coiicciitrated  nitric  add    is  generally  employed   as   the   oxidising 
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agent,  and  after  long-eontinued  action  at  ordinary  temperatures  the 
completion  of  the  process  assisted  by  heat.  The  solution  is  finally 
evaporated  on  a  water  bath,  in  order  to  expel  all  nitiic  acid,  the  re- 
siduary strongly  add  liquid  diluted  with  water  and  saturated  with 
plumbic  carbonate.  From  the  filtered  solution  the  crystalline  lead 
salt  (CnH2n+i>S02.0)2Pb  can  be  obtained  by  evaporation,  and  is 
then  decomposed  in  aqueous  solution  by  sulphuretted  hydrogen. 
The  liquid,  freed  from  plumbic  sulphide  by  filtration,  gives  by  evapo- 
ration on  a  water  bath  the  free  sulphonic  acid  as  a  strongly  acid 
syrup,  which  crystallises,  under  a  desiccator,  after  a  while.  By  neu- 
tralisation by  metallic  carbonates  the  metallic  salts,  which  are 
mostly  readily  soluble,  can  be  obtained. 

Ajiother  method  of  preparation  consists  in  heating  alkylic  haloids 
with  normal  potassic  sulphite : 

CnH2n+i  K  dnH2n+i 

I  +    I  =KI+    I 

I  SO2.OK  SO2.OK 

The  alkylsulphonic  acids  are  very  stable  compounds.  They  can 
be  heated  to  pretty  high  temperatures  witliout  decomposition,  are  not 
altered  by  boiling  with  potassic  hydrate,  being  only  decomposed  by 
fusion  therewith,  and  are  only  oxidised  with  great  difficulty  by  fuming 
nitric  acid. 

With  phosphoric  pentachloride  they  yield  in  additicm  to  phos- 
phoric oxychloride  and  hydrochloric  acid  the  insoluble  alkylic  sal- 
phonic  chlorides : 

I  +  PCI5  =  POCI3  +  Ha  +  I 

S02.0H  S02.C1 

which  are  reconverted  into  sulphonates  by  alkalies  : 

Cn-H2n  +  i  ^nHjn  +  i 

I  +  2irOK  =  KCl  +  H2O  4-     I 

SO2CI  SO2.OK 

254.  Methyl  sulphonw  acid,  CH3.SO2.OH,  can  be  prepared,  by 
the  general  methods  given  above,  from  methylic  mercaptan,  methylic 
disulphide,  methylic  sulphocyanate,  and  methylic  haloids,  and  in 
addition  from  carbonic  disulphide.  If  this  latter  be  heated  with  damp 
chlorine  or  with  manganic  dioxide  and  hydrochloric  acid,  it  slowly 
forms  colourless  crystals,  melting  at  135°  and  boiling  at  170°,  of 
trichlormethyl  sulphonic  cJiloride : 

CCl 
CS2  +  2H2O  +  5CI2  =  4H01  +  SCI2  +     I 

SO2.CI 

Baric  hydrate  converts  these  into  baric  trichlormethyl  sulphonate : 

CCI3  CCI3  CCI3 

2  I  +  2Ba(0H)a  =  BaCla  +  HjO  -f     |  | 

SO2.CI  S0a.0.Ba.0.S02 

From  its  aqueous  solution,  by  careful  addition  of  sulphuric  acid,  the 
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barium   can  be  precipitated  and  triddormetht/l  stiljyhonic  acid  ob- 
tained : 

COI3  CCI3  CCI3 

I  j        +  H2SO4  =  BaS04  4-  2  I 

S02.0.Ba.O.S02  SO2.OH 

On  evaporation  of  the  filtered  solution  trichlormethjl  sulphonic 
acid  crystallises  in  colourless,  deliquescent,  strongly  acid  prisms. 

The  aqueous  solution,  acidulated  with  hydrochloric  acid,  is  sub- 
mitted to  the  action  of  a  strong  galvanic  current,  the  electrodes  being 
plates  of  amalgamated  zinc ;  by  this  means  the  chlorine  is  completely 
replaced  by  hydrogen  and  methyl  sulphonic  acid  is  obtained  : 

I     ^         +  3HC1  4-  3Zn  =  SZuClj  +     \ 
SO2.OH  SO2.OH 

Methyl  a^dpJwnic  acid  is  a  strongly  acid  syrupy  liquid,  which  on 
heating  commences  to  decompose  at  slightly  above  130°,  and  is  only 
oxidised  by  fuming  nitric  acid  with  great  difficulty. 

Methyl  svXplionic  chloridey  CH3.SO2CI,  boils  at  150°-153°,.and  is 
slowly  decomposed  by  water  into  hydrochloric  and  methyl  sulphonic 
acids. 

CH3 


Ethyl  stUphonic  add,  C2H5.SO3.OH  ^  CH2        ,  is  obtained  in 

I 
SO2.OH 

very  deliquescent  crystals ;  its  salts  are  all  easily  soluble,  and  can  be 
submitted  to  high  temperatunxj  without  decomposition. 

Ethyl  sulphonic  cliloricle,  C2H5.SO.2CI,  boils  at  171°. 

Butyl  sulphonic  acid,  CH3.CII2.CH2.CH2.SO2.OH,  yields  a  baric 
salt,  (C4H7.S020)2Ba,H20,  which  crystallises  in  efflorescent  tables. 

Oxidation  Products  of  tli^  Dialkylic  SuljMdes, 

256.  Whilst  dimethylic  sulphide,  when  heated  with  nitric  acid,  is 
in  most  pai't  converted  into  methyl  sulphonic  acid,  with  oxidation  of 
one  methyl  group,  diethylic  sulphide  combines  with  the  oxygen  of 
oxidising  agents,  and  yields  peculiar  oxides. 

By  evaporating  it  with  dilute  nitric  acid  a  thick  neutral  liquid, 
which  cannot  be  distilled  unchanged,  remains^  diethyl  sulphurous 
oxide  or  diethyl  thionyl : 

2HO.NO2  +  xll^O  +  3^2^°>S  =  aj  +  IH2O  +  N2O2 

Strong  nitric  acid  converts  diethylic  sulphide  or  the  preceding  body 
into  diethyl  stUphone,  (02115)2802  : 

CHa.CHa^   ^ 
It  crystallises   in  large  colourless  tables,  which  melt  at  70°  and 
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distil  unchanged  at  248® ;  tlio  substance  can,  however,  be  slowly 
sublimed  below  100^.  Nascent  hydrogen,  evolved  from  zinc  and 
sulphuric  acid,  reduces  diethyl  sulphone  to  diethylic  sulphide  : 

(CjH.,)2S0.,  4-  4H  =  2H2O  -h  (C2H5)aS. 

Dimethylic  sulphide  can   be  convei*ted  into  dimethyl  thianyl  by 
heating  its  bromine  compound  with  moist  argentic  oxide  : 

(CH3)2SBr2  4-  AgaO  =  2AgBr  4-  (CjH5)2SO. 


Selenium  and  Tellurium  CoMrouNDs  of  the  Alcouol  Radicals. 

866.  The  comi)ounds  of  the  alcohol  mdicals  with  selenium  and 
telluiium  are  completely  analo<^ous  to  those  already  dosciibed  with 
sulphur. 

Ethylic  aeleno-niPTcnptan,  (•.2ll;,.SeH,  is  obtained,  together  with 
dief hylic  selenide,  (C^H.^i^^o,  by  distillation  of  potjissic  seleno-hydrate 
with  potassic  ethylic  sulphate.  The  first  boils  below  100°,  and  pos- 
sesses a  most  unpleasant  smell ;  it  readily  exchanges  its  non-radical 
hydrogen  for  mercury.  Diethylic  selenide  is  a  heiivy  oil,  boiling  at 
I07°-108°,  which  unites  with  halogens;  e.g.  (02115)28012. 

Ethylic peraelenuhy  02H5-Se,  has  also  been  prepared ;  it  boils  at 


OjHj-Se 
186**.     Diethylic  selenide  is  converted  by  treatment  with  nitiic  acid 
into  diethyl  seleniovs  oxiJe,  (02H5)2SeO,  which  yields,  with  excess  of 
nitric  acid,  a  salt  of  the  formula  (02H5)2Se(ONO2)2,  or 


O.^H  5\Q«^/0.^  O2 

02H;.^^\(3.isro2 


Dimethylic  selenide  is  converted  by  oxidation  with  nitric  acid 
into  7iw(hyl  selenic  acid,  CHa-ScOj-^H,  which  forms  prisms,  melting 
at  120°. 

By  mixing  dialkylic  selenidos  with  alky  lie  iodides  trinlkylic  sele- 
nious  iodides,  (CnH2n+ O.i^el,  are  formed,  in  all  respects  similar  to 
the  trialkylic  sulphine  iodides. 

257.  The  tellurium  compounds  possess  some  further  intei-est; 
derivatives  corresponding  to  mcrcaptan  have  not  yet  been  obtained. 

Dimethylic  teUuridc,  (Cll3)2Te,  m  a  liquid  lx)iling  at  80°-82° ;  on 
exposure  to  air  it  is  oxidised  to  dimethyl  tellurous  oxide,  (OH3)2TeO. 
By  heating  dimethylic  telluride  with  nitric  acid  it  yields  dimethyl 
tellurous  nitrate,  (Olf  3)2Te(O.N02)2»  fi*om  whose  solution  hydrochloric 
acid  precipitates  dimHhyl  t^UurotLn  diddvri^le,  (OH.3)2TeOl2,  as  a  crys- 
talline lK>dy.  By  treatment  with  argentic  oxide  it  is  converted  into 
diiiiethyl  tellurous  oxide.  This  latter  is  cr}'stalline,  deliquescent, 
and  sti-ongly  alkaline;  it  absorbs  carbonic  anhydride  from  the  air,  and 
decomposes  ammonic  salts  with  evolution  of  ammonia.  With  me- 
thylic  iodide  dimethylic  telhiride  yields  triniethyl  tellurous  iodide, 
(OH3)3TeI,  which  when  treaUnl  with  freshly  precipitated  argentic 
oxide  is  converted  into  the  highly  alktiline  and  very  soluble  trimethyl 
tellurous  hydrate,  (OIl3)3Te.OH. 

N 
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m+v 


Nitrogen  Compounds  of  the  Alcohol  Radicals. 

258.  The  most  nnmerons  class  of  nitrogen  oompoonds  of  the 
alcohols  correspond  to  ammonia  and  its  deriTations  in  stmcture  and 
in  properties;  in  addition  the  gronp  of  compounds  of  NO^  with 
the  alcohol  radicals,  the  nitro-ethanes  have  been  lately  added. 

Alkt/lamines. 

259.  The  simplest  nitrogen  compounds  of  the  first  group  are  the 
alkylamineSy  Le.  ammonia  in  which  one,  two,  or  all  three  hydrogen 
atoms  have  been  replaced  by  the  same  number  of  alcohol  radices. 
They  may  be  classified  into : 

<CnH2n + 1 
H 
H  (primary  amines). 

<CnH2n  + 1 
CnH«  +  , 
H  (secondary  amines). 

<Cnll2n  + 1 
CnHjn  + 1     (tertiary  amines). 

As  the  alcohol  radicals  replacing  the  hydrogen  in  the  secondary 
and  tertiary  amines  may  be  either  alike  or  different,  the  number  of 
bodies  of  this  kind  that  can  be  prepared  is  very  great. 

260.  FomuUion  from  Alcoholic  HaiUndt  and  Ammonia. — On 
bringing  ammonia  together  with  alkylic  haloid,  best  in  alcoholic 
solution  and  at  a  high  temperature,  direct  union  occurs.  Similarly 
to  the  formation  of  ammonic  chloride  from  hydrochloric  acid  and 
ammonia^  there  is  formed  by  this  reaction — but  not  with  the  same 
efise  and  energy — mon-alkylammonium  haloid : 

N^H   +  HCl  =  N|-H 
^H  VH 

CI 

analogously  N^H  +  CnH2n^.|I  =  N^H 

H  XC^nHan  +  l 

or  NHa  +  CnH2„  +  jCl  =  N(C„H2„^.,)H3C1. 

Every  ammonic  salt,  as  is  well  known,  is  decomposed  by  alkalies 
into  alkaline  salt,  water,  and  ammonia,  the  hydroxyl  group  of  the 
metallic  hydrate  oxidising  and  removing  one  of  the  four  hydrogen 
atoms  from  the  nitrogen  compound.  Alkalies  act  in  entirely  similar 
manner  on  the  hydrogen  of  the  salts  of  the  amines.    If,  therefore,  the 
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salt  obtained  in  the  above  reaction  be  boiled  with  potassic  hydrate, 
there  are  formed  potassic  chloride,  water,  and  a  primary  amine,  which 
ia  volatile  at  the  temperature  employed  : 


N^H  4-  KOH  =  KCl  +  HOH  +  N^H 


yR 


«— rx  -f-  jvv^ri  =  jvvyi  -f  rwjti.  -f-  i^^n. 

\j\  (primary  amine). 

If  the  primary  amine  so  obtained  be  again  mixed  with  an  alkylic 
haloid,  a  secondary  ammonic  haloid  is  obtained  : 

H 

.H  /H 

which   on   warming   with   an  alkaline   hydrate  jdelds  a  secondary 
amine : 

N^C„H,„+ ,  +  KOH  =  KI  +  HOH  +  N^„«2„+ , 

\  C'nH2n  +  1  ^n  "-211  + 1 

^I 

The  secondary  amines  further  unite  with  alcoholic  iodides,  yielding 
trialkylammonic  compounds  : 

<H  ^^nH2n+i 

^'11^20+1     +    CJnHjn+iI    =    N,^-CnH2n+| 

^nH2n+l  X^'nHan+l 

^I 

which  with  alkalies  similarly  yield  j)otassic  iodide,  water,  and  tertiary 
amines: 

ACnHjn+i  /0„H2n  +  i 

Nv^G„H5„  +  ,  +  K0H=  KI  +  HOH  +  N^C„Hj„+, 

These  pi-ocesses  are,  however,  not  so  simple  as  above  represented ; 
even  in  the  first  reaction  between  ammonia  and  the  alkylic  haloid 
complications  occur  which  render  the  obtaining  of  pure  products 
extremely  difficult. 

So  soon  as  some  primary  ammonic  salt  has  been  formed,  a  portion 
of  it  reacts  with  the  other  substances  present,  so  as  to  lead  to  a  real 
substituting  reaction,  with  formation  of  some  dialkylammonic  salt : 

N(C„H2„+  OHjCl  +  CnH2„  +  i.Cl  +  NH3  =  NH^a 

+  N(CnH2n+,)2H2Cl; 

and  this  latter  is  then,  though  only  partly,  converted  into  a  tertiary 
ammonic  chloride  by  a  similar  reaction  : 

N  2 
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N(C„Hj„  +  ,),H,Cl  +  C„Hj„+,Cl  +  NH,  =  NH,C1 

+  N(C„H,„+,)3lICl ; 

If,  therefore,  the  alky  lie  haloid  has  been  completely  decomposed 
by  excess  of  ammonia,  the  product  is  a  mixture  of  mono-,  di-,  tri-,  and 
tetra-alkylammonium  salts,  from  which,  by  distillation  with  potassic 
hydrate,  a  mixture  of  primai-y,  secondary,  and  tertiary  amines  is 
obtained. 

281.  Method  of  Preparation. — As  iodine  is  attached  with  least 
energy  to  the  carbon  of  alcohol  radicals,  the  alky  lie  iodides  ai*e 
nearly  always  used  for  preparing  the  amines.  The  alky  lie  iodide  is 
heated  to  boiling  with  several  times  its  volume  of  alcohol  in  a  tliisk 
provided  with  an  inverted  Liebig's  condenser,  and  dry  ammonia  con- 
tinually passed  in.  The  vapours  rising  into  the  condenser  are  thus 
caused  to  flow  back  into  the  flask.  So  soon  as  a  portion  of  the  liquid 
remains  clear  on  addition  of  water,  all  the  alkylic  iodide  has  been 
converted.  By  distilling  off  the  alcohol  a  dry  mixture  is  obtained  of 
some  ammonic  iodide  with  the  iodides  of  the  i*espective  amines,  the 
primary  compound  pi'edominating.  This  is  dissolved  in  water  and 
distilled  with  potassic  hydrate. 

If  the  bromides  or  chlorides  of  the  alcohol  radicals  be  employed 
instead  of  the  iodides,  a  higher  temperature  is  required  to  complete 
the  reaction  ;  t"hey  are  therefore  heated  to  100°  with  excess  of  alcoholic 
solution  of  ammonia,  either  in  sealed  tubes  or,  if  working  with  large 
quantities,  in  Papin's  digesters.  In  the  case  of  the  chlorides  the 
ammonic  chloride  is  found  separated  mostly  in  the  crj'stalline  state, 
whilst  the  chlorides  of  the  amines  remain  dissolved  in  the  alcohol, 
and  by  evaporation  are  left  nearly  fi"ee  from  ammonic  salts.  They 
therefore  yield,  on  addition  of  strong  solution  of  sodic  hydrate,  a  mix- 
ture of  the  three  bases  free  from  ammonia,  which  on  standing  in 
closed  vessels  collects  as  a  lighter  layer  on  the  top  of  the  concentrated 
solution  of  sodic  chloride. 

262.  The  primary,  secondary,  and  tertiary  amines  of  low  carbon 
contents  cannot  be  satisfactorily  separated  h-om  one  another  by  frac- 
tional distillation.  The  following  method  is  thei-efoi-e  employed  for 
their  separation  :  The  mixture  is  dried  by  means  of  solid  sodic 
hydi-ate,  and  then  mixed  with  normal  ethylic  oxalate.  This  method 
answers  especially  well  for  the  separation  of  the  ethylamines,  and 
they  will  be  taken  as  an  example.  Monethylaniine  reacts  with 
ethylic  oxalate  according  to  the  equation  : 

CO.O.O2H5  CO.N(C2H5)H 

2N(02H5)H2  4-    I  =2HO.C2H5+    | 

CO.O.CjH.,  CO.N(C2H5)H 

forming  alcohol  and  crystalline  diethyl  oxamide,  which  is  soluble  in 
water;  diethylamine,  on  the  other  hand,  yielding  the  liquid  ethylic 
diethyl  oxamate,  which  boils  at  250°-254:° : 

CO.O.CaHft  CO.N(C2H5)2 

N(C2H5)2H+    I  =H0.CaH5+    I 

CO.O.C2H5  CO.O.C2H5 

and  triethylamine  remaining  entirely  unaltei*ed.     On  distillation  the 
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latter  passes  over  firat.  The  diethyl  oxamide  and  etliylic  diethyl 
oxamate  ai^  then  sepai-ated  by  means  of  warm  water,  and  each  dis- 
tilled separately  with  potassic  hydrate.     The  first  yields  ethylamine : 

CO.N(CaH.,)H  OO.OK 

I  +  2K0H  =     I  4-  2N(C2H5)Ha ; 

CO.N(C2H5)H  CO.OK 

the  etliylic  diethyl  oxamate  giving  diethylamine  : 

CO.N(CaH5)2  CO.OK 

I  +  2K0H  =    I  +  HO.C2H5  +  N(C2H5)aH. 

CO.O.CjHa  CO.OK 

263.  Oilier  Methods  of  Formation. — The  nitrates  of  the  amines 
are  fonned  by  heating  alcoholic  ammonia  with  the  nitrates  of  the 
alcohol  radicals  : 

C2H5.O.NO2  4-  NH3  =  N(C2H5)H3.0.N02. 
The  process,  however,  also  goes  fui*ther  in  this  case  : 

C2H5.O.NO2  +  NH3  +  N(C2H,)H3.0.N02  =  NH^.O.NOa 

-f  N(C2H:,)2H2.0.N02,  <kc. 

so  that  the  same  diilicnilty  occui*s  here  in  obtaining  pure  products. 

Some  of  these  bodies  occur  naturally  or  result  from  the  spon- 
taneous decomposition,  or  from  the  dry  distillation,  of  albuminous 
matters.  Special  methods  of  preparation  will  be  given  at  the  re- 
spective places. 

264.  Getieral  Properties  of  the  Amines. — These  bodies  behave  in 
all  essential  particulars  like  ammonia.  The  volatile  possess  an  odour 
similar  to  that  of  ammonia,  and  give  thick  fumes  with  hydrochloric 
licid.  Their  aqueous  solutions  react  strongly  alkaline;  they  yield 
salts  with  acids  without  elimination  of  water,  neutral  in  the  case  of 
monobasic,  both  acid  and  neutral  in  the  case  of  ix)lybasic  acids  : 

N(C„H.2n+i),H3_,  +  H2SO4  =  (CuH2n  +  i)iH4_,.Ov  QQ 

and 

2N(C„Hs„+,).H3-x+  H2SO4  =  [N(C„Hj„+,)zH4_x],S0,. 

They  are,  generally  speaking,  soluble  in  alcohol,  and  are  thereby 
distinguished  from  the  ammonic  salts,  which  are  mostly  insoluble. 
The  hydrochloric  compounds  combine  with  platinic  chloride  to  yellow 
double  salts  of  the  fonnula  : 

[N(CnH2n+  |)xH4_,]2PtCl6, 

similar  to  ammonic  platinic  chloiide.  These  latter  compounds  are 
crystalline  and  somewhat  soluble  in  warm  water  and  alcohol. 

All  amines,  when  in  the  state  of  vapour,  buna  in  air  with  a  con- 
tinuous flame,  whilst  ammonia  can  only  be  got  to  burn  continuously 
in  pure  oxygen. 

As  regards  their  basic  powers,  they  exceed  ammonia,  and  their 
positive  energy  increases  with  the  number  of  atoms  of  hydrogen  re- 
placed by  alcoholic  radicals.  Ammonia  is  therefore  expelled  from  its 
compounds  by  the  amines. 
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265.  Metamerism  of  the  Amines, — All  alcoholic  amines  may  be 
expressed  by  the  general  formula  NCnHsn+a- 

N(CnH2ii+i)Hj  =  NCnHjn  +  s 
N(Cn»H2ft»^  1)2^  =  NC2n'H4n'+  a  +  1  ^  ■NCnH2n  +  8 ("  2n'  =  »/• 
N(Cn»H2ii'+l)(Cn''Hjn».^.i)H  =  NCn.+  n''H-2n'+2n''+ 2+ 1  ^  ^^nli2n+3 

("   n'+n''  =  n) 
N(Cn'H2u»^.  1)3  =  NC3n'H2.3n'+3  =  ■Nv/nH2n  +  8  (**   8n'  =^  n)* 
N(Cn'H2n'+  iX^n''H2n"+  i)(^n-H2n'"+  1) 
^  NGn'  +  n''+n'"H2(n'+n"+n'-)  +  3  ^^  •NOnH2n  +  3  0^  n' +  n"  +  n*^  =  ©)• 

It  follows  from  this  that  very  numerous  cases  of  metamerism  must 
occur  in  this  group,  being  inci'eased  by  cases  of  true  isomerism  in  the 
alcohol  radicals  concerned. 

Whilst  the  formula  NCHj  corresponds  to  only  one  body,  methyl- 
amine,  N(CH3)H2,  the  formula  NC2H7  belongs  to  two  different 
bodies,  ethylamine,  N(C2H|i)H2»  ^^'^  dimethylamine,  N(CHj)2H. 
llie  number  of  metamei*s  and  isomers  incretises  with  every  additional 
carbon  atom.     Four  bodies  NC3H9  exist  ; 

<CH2.CH2.CH3  y^^^OVt^  ^^2^6  y^'^Z 

H  N^H   ^^^3     N^H3     N^CHa 

H  ^H  ^H  x;h3 

Propylamine.  Isopropybmine.         Ethyl-methyl-   Trimethylamine 

amine. 

eightNC4Hi,  : 

H  N^CH3  N^CjHg         Nf-CH, 

h  ^h  \h  N:jh3 

Four  butvlamines,  Two  propyl-methvl-     Diethylamine.      Ethyl-dimethyl- 

corresponding  to  the         amines,  corresponding  *  *  amine, 

four  butylic  alcohols,    to  the  two  propylic  alcohols. 

and  so  forth  in  rapidly  increasing  progression. 

The  discrimination  of  the  individual  metameric  and  isomeric 
compounds  presents  considerable  difficulties.  It  can  be  easily  deter- 
mined whether  an  amine  of  a  given  formula  is  a  primary,  secondary, 
or  tertiary  body,  but  bodies  of  the  same  degree  of  substitution  cannot 
generally  be  well  distinguished  from  one  another. 

The  tertiary  amines  are  characterised  by  the  fact  that  their  com- 
|)0Unds  with  alkylic  iodides,  when  decomposed  by  potassic  hydrate 
and  distilled,  yield  the  same  body  : 

N(C2H5)3  +  C2H5I  =  N(C2H,)4l 
N(C2H5)4l  -f  KOH  =  KI  -f.  H2O  -f.  N(C2H5)3  +  C2H,. 

Secondary  amines,  on  the  contrary,  by  similar  treatment  yield  a 
higher  homologue  (a  compound  richer  in  carbon  and  hydrogen),  being 
converted  into  tertiary  amines : 

N(C2H5)2H  -h  C2HJ  =  N(C2H5)3HI 
N(C2H5)3HI  +  KOH  =  N(C2H5)3  -|-  KI  -f  OH2. 

Primary  amines  admit  of  this  process  of  enrichment  of  the  carbon 
and  hydrogen  contents  being  performed  twice,  and  it  is  not  until  a 
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third  repetition  of  the  process  that  a  higher  suhstituted  body  fails  to 
be  formed  : 

1.  N{CaH5)Ha  +  CaHJ  =  N(C2H,),1IJ,  therefrom  N(C8H6),H 

2.  N(C,H5)2H  +  C,H,l  =  N(C2H5)3HI  „         lif{C,K,)^ 

3.  N{C,H5)3  +  C.H^I  =  N(C2H5),I  „         N(C,H5), 

Frimary  Amines. 

266.  lu  addition  to  the  above*  given  methods,  piimary  amines 
can  be  prepared  fi^ee  from  secondary  and  tertiary  amines  by  the  de- 
composition of  alkylic  isocyanates  and  pseudo-cyanurates  (§§  280-282) 
by  alkalies: 

C„Han+i.Ni=Cz=:0  +  2K0H  =  KjCOs  +  CnHa^+i.NHa; 

as  also  by  treatment  of  the  true  c^'amide  of  the  next  carbon-poorer 
alcohol  (the  nitrile)  with  nascent  hydrogen  : 

^11^20  +  1  ^nM2n+  | 

I  +  4H  =    I    /H 

Methylic  cyanide  or  acetonitrile,  for  instance,  when  so  treated, 
yields  ethylamine : 

CH3 

CHa  I 

I  -f  4H  =    CFTa 

NHa 

The  primaiy  amines  can  also  be  easily  obtained  in  the  pure  state 
by  reduction  of  the  nitro-othanes  (§  289)  with  nascent  hydrogen. 

The  amines  can  be  converted  back  into  the  alcohols  by  heating 
their  hydrochlorides  with  potassic  nitrite,  there  being  first  formed 
the  nitrite  : 

N(C2H5)H3C1  +  KONO  =  KCl  4-  N(CaH5)H3.0.NO, 

which  at  slightly  higher  temperature  decomposes  into  water,  alcohol, 
and  nitrogen : 

N(C2H5)H3.0.NO  =  H5O  +  HO.C2H5  -f  Nj ; 

similai'ly  to  the  decomposition  of  ammonic  nitrite  : 

NH4.O.NO  =  H2O  +  H2O  +  Ng. 

<CH3 
H      ,   is  generally  prepared 

from  methylic  isocyanate  by  boiling  with  potassic  hydrate,  or  from 
prussic  acid  by  treatment  with  zinc  and  hydrochloric  acid.  The 
methylammonic  chloride  formed  in  the  last  case,  according  to  the 
equiition 
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H  „ 

(^N  +  2Zn  +  5HC1  =  2ZnC\^  +  CH^  /H 

is  then  distilled  with  potasedc  hydrate.  Methylamine  is  also  formed 
hy  the  dry  distillation  of  various  alkiiloids  with  sodic  or  potassic 
hy^U^te — e.g.  caffeine,  theobromine,  creatinine,  morphine,  and  codeine. 
It  is  also  found  in  coal  tar  and  in  the  oily  products  of  the  distillation 
of  animal  substances  (animal  oil). 

Methylamine  is  a  colourless  gas  of  intense  odour,  somewhat  i-e- 
sembling  that  of  putrefying  fish.  At  some  degrees  below  0°  it 
becomes  liquid.  Its  vapoiir  density  is  1*08.  It  is  easily  inflammable 
and  bums  with  a  yellow  flame ;  it  is  more  soluble  in  water  than 
any  other  gas,  one  volume  of  water  at  12°  absorbing  1,150  volumes 
of  methylamine.  The  aqueous  solution  precipitates  metallic  salts 
like  ammonia ;  if  employed  in  excess  it  redissolves  the  hydrates  of 
zinc  and  copper,  but  not  those  of  cadmium,  cobalt,  and  nickel. 

Treated  with  the  halogens,  it  forms  bodies  corresponding  to  the 
haloid  compounds  of  nitrogen,  the  amide  hydrogen  atoms,  however, 
being  the  only  ones  replaced  by  halogen.  From  an  aqueous  solution 
of  methylamine  iodine  precipitates  garnet-red  diiodoniethylamine, 
whilst  methylammonic  iodide  remains  in  solution  : 

<CH3  ^^^3    . 

H     +2X2  =  N«        +  2N(CH8)H3l. 
H  ^I 

By  heating  with  potassium  it  is  converted  into  potassic  cyanide  with 
evolution  of  2^  times  its  volume  of  hydrogen  : 

2CzH         +  Kj  =  2C=N  +  5H,. 

With  ftcids  it  yields  neutml,  easily  soluble  salts.  Methylammonic 
cfdoruhy  or  inHlt^lamiiie  hydrochloride,  N(CH3)H3C1,  crystallises  in 
large  colourless  plates,  which  deliquesce  in  moist  air.  It  melts  at  a 
little  above  100°,  volatilises  at  a  higher  temperature,  and  condenses 
unaltered  on  cooling.  The  platiuo-chloride,  [N(CH3)H3]2PtClf„  forms 
golden  yellow  scales,  soluble  in  hot  water,  insoluble  in  alcohol.  The 
auro-chloride,  N(CH3)H3.AuCl4,  crj'stallises  in  golden  yellow  needles, 
readily  soluble  in  water,  alcohol,  and  ether. 

Neutral  methylammonic  sidphatej  [N(CH3)H3]2S04,  and  the 
nitrate  N(CH3)H3.0.N02  are  easily  soluble  in  water,  the  latter  also 
in  alcohol. 

With  platinous  chloride  methylamine  forms  the  salts  of  methj^- 
lised  platinum  bases.  At  first  a  yellow  powdw  of  the  formula 
PtN2C2H,oCl2  is  formed,  which  on  boiling  with  methylamine  solution 
dissolves,  and  yields  on  evaporation  ciystals  of  PtN4C4H2oCl2.  The 
first  compound  is  the  analogue  either  of  the  gi-een  s;ilt  of  Magnus  : 
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T^/N(CH3)Ha.N(OH3)Ha.a 

or  of  the  salts  of  the  so-called  Keiset's  second  base  (platosodianiine) : 

p,^N(0H3)H/Jl 
'"^N(CH3)H2C1 

whilst  the  soluble  second  salt  corresponds  to  Reiset's  first  salts 
(platotetramine  salts) : 

p.^N(CH3)H2  -N(CH3)H2C1 
*^^N(CH3)H2— N(CH3)H2C1 

H       =     I  .     Ethjlamine    is    at 

H  CH2.NH2 

low  temperatures  a  colourless,  mobile  liquid,  of  sp.  gr.  '696  at  8°. 
It  boils  at  4-  18°  and  has  a  vapour  density -of  1*577.  Liquid  ethyl- 
amine  can  be  mixed  with  water  iu  every  proportion.  With  metallic 
salts  it  behaves  similarly  to  metbylnmine,  except  that  in  excess,  like 
the  caustic  alkalies,  it  also  dissolves  aluminic  hydrate.  On  passing 
chlorine  gas  into  a  dilute  aqueous  solution,  etht/ldidUoraminey 
N(C2H5)Cl2,  separates  as  a  heavy  oily  liquid,  boiling  at  91°. 

Eihylammanic  dihride,  N(C.^H5)H3.C1,  crystallises  in  deliquescent 
plates,  which  melt  at  80°  and  boil  with  decomposition  at  320°.  It  is 
soluble  in  alcohol  even  whcu  containing  ether.  Its  platino-chloride, 
rN(C2H5)H3]aPtCl6,  crystallises  in  orange  yellow  rhombohedrons. 
with  platinous  chloride  it  }delds  compounds  corresponding  to  those 
described  above  of  methylamine. 

269.  It  will  be  sufficient  to  give  the  formula  and  boiling  points  of 
the  higher  homologous  piimary  amines. 

H  ,  boils  at  49°-50°,  miscible  with  water. 

H 

H        '    ^i  boils  at  32°,  sp.  gr.  '69. 
H 

H  ,  boils  at  76°,  sp.  gr. 

H 

•7401  at  20^ 

.oir2.cH  <J^{{3 

Tsolmtylamine,   N^H  ^"',  Ix^ils  at  66°-68°,  sp.  gr.  -7357 

at  1.5°. 

H  *'',  boils  at  95°,  sp.  gr.  -815. 

H 

.CH<gg3^CH3 
Amide  of  secondary  iaoamyl,     N^H  ^Hg,  boils  at  78*5°, 

sp.  gr.  -756. 
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Secondary  Amines, 

C'nH2n+i 

H 

270.  Only  a  few  bodies  of  the  series  of  secondary  amines  have 
been  prepared  in  the  pure  state  and  thoroughly  investigated.  Their 
formation  from  the  primary  amines  has  been  already  mentioned,  as  has 
their  general  chemical  behaviour.  With  nitrites  they  behave  in  com- 
pletely different  manner  to  the  primary  amines  and  ammonia.  By 
heating  their  nitrites,  obtained  by  mixing  their  hydrochlorides  with 
potassic  nitrite,  water  and  a  nitroso  body  are  found.  For  example,  if 
an  aqueous  solution  of  diethyl  ammonic  nitrite  be  heated,  an  oil,  boiling 
at  177°,  separates,  which  is  nitroao-diethylamine  or  nitroao-diethyline : 

C  H  C  H 

N^CaHs   +  HO.NO  =  HjO  +  N^jHj   (nitroso-diethylamine). 

Dimsthylamine,  N(C2H5)2H,  metameric  with  ethylamine,  boils  at 
between  8°  and  9°.  Its  hyarochloiide  gives  with  platinic  chloride  a 
double  salt,  crystallising  in  beautiful  needles,  rN(CH3)2H2]2PtCl5. 

Diethyiamine,  N(C2Hft)2H,  metameric  witn  the  butylamines,  boils 
at  57°,  and  is  miscible  with  water  in  every  proportion. 

The  above-mentioned  nitroso-diethylamine  is  converted  by  alcoholic 
potassic  hydrate  into  monethylamine  ;  the  reaction  is  complicated,  but 
may  probably  be  repi*esented  by  the  equation  : 

4N(C2H5)2(NO)  4-  8K0H  =  4N(C2H5)H2  -f-  iNH, 

4-  2C2H4  4-  4K2CO3. 

Treated  with  sodium  amalgam,  it  is  reconverted  in  presence  of  water 
into  diethylamine,  nitrous  oxide  being  evolved  : 

2N(C2H5)2(NO)  4-  4H  =  2N(02H5)H  4-  H2O  4-  NgO. 

Dihutylamine,  N(CH2.CH2.CH2.CH3)2H,  boils  at  158°-160°. 

Diisoamylamine,  N(CftH,i)2H,  is  an  oily  liquid,  which  floats  on 
water,  boils  at  170°,  and  forms  difficultly  soluble  salts  with  acids. 

Tertiary  Amines. 

Ciill2n+| 
^nll2n+  1 

271.  Nitrous  acid  acts  with  difficulty  on  these  compounds ;  their 
nitrites  idso  ai-e  more  stable  than  those  of  the  less  substituted  bodies. 

Trimethylamine  occurs  ready-formed  in  herring  pickle.  From  this 
it  can  be  obtained  mixed  with  ammonia  by  distillation  with  sodic 
hydrate.  The  distillate  is  saturated  with  hydrocblonc  acid,  evaporated 
to  dryness,  and  the  residue  extracted  with  strong  alcohol,  in  which 
ammonic  chloride  dissolves  but  little.  The  Altered  alcohol  solution  is 
then  evaporated,  and  the  trimethylammonic  chloride  distilled  with 
potassic  hydrate. 

Trimethylamine  also  occurs  in  the  stinking  goose-foot  {Chenopa- 


J 
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dium  ffulvaria),  in  tho  flowers  of  Crafaeyus  oxyacaiUha,  iu  coal-tar  oil, 
and  in  animal  oil.  It  boils  at  +  9*3°  (the  metiimeric  propylamine 
at  49**-50^),  dissolves  readily  in  water,  and  smells  at  once  of  herrings 
and  ammonia. 

Triethylamine,  N(C2 11^)3,  is  obtiiine<l  readily  by  heating  a  mixture 
of  diethylamine  and  ethylic  bromide ;  the  mixture  soon  solidifies  to 
fibrous  crystals  of  triethylanimonic  bromide,  from  which  triethyl- 
amine  can  be  obtained,  by  distilling  with  an  alkali,  as  a  colourless, 
strongly  alkaline  liquid,  little  soluble  in  water.  It  boils  at  89°.  By 
long  heating  with  a  concentrated  solution  of  potassic  nicrite  its  hydro- 
chloride is  converted  into  nitroso-diethylamine.. 

Normal  trihutyUimiiie,  N(CH2.CH2CH2.CH3)3,  is  an  oil  boiling 
at  208°.     Triisoamylamhip,  N(C5Hii)3,  boils  at  257°. 

Diethylri9oamylamiiip.,^{Q,2Yi^)2{0f,yi\  1),  is  a  mixed  tertiary  amine; 
it  boils  at  164°. 

MethyUtkyUxaoamylamhie.,  N(CH3)(C2H.^)(C5Hn),  boils  at  129°. 

TrtcHylamine  has  been  obtained  by  slowly  passing  ammonia  gas 
into  cetylic  iodide  heated  to  180°  : 

30,eH33l  +  4NH3  =  N(C,6H33)3  +  3NH  J. 

Much  ammonic  iodide  sepjirates,  fi-om  which  the  melted  tricetyl- 
amine  is  decanted  ;  it  solidifies  on  cooling  to  a  ciystalline  mass.  By 
repeated  ciy^tallisation  from  hot  alcohol  tricetylaminc  is  obtained  in 
colourless  needles,  which  melt  at  39°.  Its  salts,  though  insoluble  in 
water,  dissolve  readily  in  alcohol  and  ether. 

Tetralkylcimmonic   Campouiula, 

272.  The  tetralkylammonic  haloids  are  the  last  products  of  the 
action  of  ammonia  on  the  haloid  Siilts  of  the  alcohol  radicals.  Tlie 
iodides  are  generally  prepared  by  heating  a  tertiaiy  amine  with  an 
alkylic  iodide  to  100°.     Both  unite  to  form  a  crystalline  com^wund  : 

N(0„Hj„  + 1)3  +  C„H,„+  ,1  =  N(C„H,„+  ,)^I, 

which  by  stronger  heating  ciin  be  i-econverted  into  the  tertiary  amine 
and  alkylic  iodide.  Potassic  hydnite  doas  not  exert  a  mai'ked 
decomposing  action  on  tha^e  bodies  on  l)oiling;  by  shaking  their 
aqueous  solutioiLs  with  freshly  pi-ecipitated  argentic  oxide  argentic 
iodide  separatt^s,  and  the  now  strongly  alkaline  liquid  contains  the 
corresponding  hydi-ate : 

N(C„H,„  +  ,)4l  +  AgOlI  =  Agl  +  N(C„H,„+,),.OH. 

Those  hydrates  behave  chemically  like  the  strongest  alkalies.  By 
evapoi-ation  in  vacuo  they  can  be  obtained  in  crystals,  which  deli- 
quesce in  moist  air  and  are  caustic  in  strong  solution.  They  saponify 
fits,  precipitate  mettiUic  oxides  or  hydrates  from  metallic  salts,  dissolve 
alumina,  zincic  hydrate,  <fec.,  like  potassic  hydrate  (they  do  not, 
however,  dissolve  chromic  hydrate),  pnd  combine  with  the  acids  (even 
carl)onic)  to  form  salts  which  correspond  to  those  of  the  alkalies. 
Their  iodides  unite  with  further  quantities  of  iodine,  forming 
periodides. 

273.  Tetramethylammonic  iodide,  N(CH3)4l,  crystallises  in  colour- 
less prisms,  which  are  separated  unchanged  by  addition  of  potassic 
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hydrate  to  their  saturated  aqueous  solutions,  and  aie  not  decomiX)sed 
even  by  long  boiling  with  it.  With  iodine  it  unites  to  form  tetramc- 
thylammonic  pentaiodide^  N(CH3)4l5,  which  crystallisevS  in  brilliant 
metallic  black  crystals.  Tetramethylammonic  hydrate ^  j)repared  from 
the  iodide  by  action  of  freshly  precipitated  argentic  oxide,  is  crystal- 
line, very  deliquescent,  and  eagerly  absorbs  carlx)nic  anhydride  from 
the  air.  The  nitrate  N(CH3)4.0.N02  crystallises  in  long  brUliant 
prisms.  The  chloiide  N(CH3)4C1  gives  with  platinic  chloride  a 
double  salt  crystallising  in  orange  yellow  octahedra,  [N(CH3)4].2PtCl6. 
On  strong  heating  tetramethylammonic  hydrate  splits  up  into  tri- 
methylamine  and  methylic  alcohol : 

N(CH3),.0H  =  N(CH3)3  4-  CH3.OH. 

274.  Tetrethylammonic  iodide,  N(C2H5)4l,  is  readily  soluble  in 
water  and  alcohol.  With  alcoholic  solution  of  iodine  it  yields  bluish 
black  crystals  of  azure  blue  lustre  of  tetrethylammonic  triiodide, 
N(C2Hft)4l3,  which  melt  at  142®.  Tetrethylammonic  hydrate  crystal- 
lises in  vacuo  in  hairlike  crystals,  vhich  are  very  deliquescent.  On 
heating  to  100°  decomposition  occurs,  and  there  is  obtained  tiiethyl- 
amine  and  not  alcohol,  but  ethylene  and  water  : 

/C2H5 
/C2H5  /^2^b 

N^CjHs  =    N^CaHj   -f-  HjO  +  CHa  =  CHj  (ethylene). 

OH 

The  platino-chloride  [N(C2H5)4]2PtCl6  crystallises  in  regular 
octahedra. 

275.  The  following  bodies  have  also  been  obtained  : 
Trimsthyl-ethylammonic  iodide,  N(CH3)3(C2H5)I,  from  trimethyl- 

amine  and  ethylic  iodide. 

MethyUdiethyUamylic  iodide,  N(CH3)(C2H5)2(C5Hii)I,  from  me- 
thyl-diethylamine  and  isoamylic  iodide,  and  methyldiethyl-isoamyl- 
ammonic  hydrate,  which  on  heating  yields  ethyl-methyl-isoamylamine, 
water,  and  ethylene : 

N(CH3)(C\H.),(C5H,,).OH  =  H,0  +  C^H, 
+  N(CH,)(C,H,)(C,H,,). 

There  have  further  been  obtjiined  : 

Triethylriaoamylammonic  hydrate  from  its  iodide,  and  also  tetriao- 
amylammonic  hydrate. 

Hydrazine  Gompounds. 

275a.  This  name  has  been  given  to  a  class  of  bodies  containing 
the  nitrogen  group  ^=.  N — N  :=^  whose  free  affinities  may  be  satu- 
rated either  with  hydrogen  or  alcohol  radicals. 

They  may  be  considered  as  derived  from  the  nitro-hydride 
H.^N — NHj,  which  has  not  yet,  however,  been  isolated,  by  the 
substitution  of  its  hydrogen  by  other  groups. 

Primary  hydrazines  result  by  the  substitution  of  one  hydrogen 
atom,  and  secondary  by  two  of  the  latter.     There  are  two  isomeric 
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forms,  the  symmetrically  substituted  and  the  unsymmetrically  sub- 
stituted group. 

The  relatiomthip  of  the  hydrazine  series  to  the  amines  will  be  seen 
from  the  following  list : 

Amines,  Hytlrazines. 

Ethylamine,  NHj.CjHg.  EthylhydrazLiie,  H2N— NH.C2H5. 

Diethylamine,  NH(C2H6)2.      Diethylhydrazino,  H2N— N.(C2H5)a. 

Primarif  Hydrazines. 

These  bodies  may  be  obtained  in  the  fatty  seiias  from  the  corre- 
»ponding  nitroso-ureas. 

2756.  EthyUiydraziiie,  CaHgNj   = 

This  body  is  best  prepared  from  diethyl  or  ethyl-phenyl  urea, 
which  is  converted  into  a  niti-oso  compound  by  the  action  of  nitrous 
acid,  and  this,  reduced  by  zinc  and  acetic  acid,  the  hydrazine  urea 
being  then  decomposed  by  L'onie  strong  sicid  into  ethylhydrazine, 
carbonic  acid,  and  ethylnminc,  or  aniline.  A  good  process  is  to 
dissolve  50  gi'ms.  of  diethyl  urea  in  200  cc.  water,  acidified  with  35 
grms.  of  sulphuric  acid,  and  then  to  add  to  the  cooled  mixture  the 
calculated  quantity  of  sodic  nitrite  in  small  portions.  The  peld 
should  be  about  30  grms.,  which  is  dissolved  in  180  cc.  alcohol,  120 
grms.  zinc  dust  and  60  to  70  grms.  glacial  acetic  acid  added,  the 
whole  being  carefully  cooled.  When  llC/1  ceases  to  produce  a  pncipi- 
tate  of  nitrosamine  the  licjuid  may  be  separated  from  the  zinc  dust 
and  treated  with  veiy  concentrated  sodic  hydi*atc  solution,  shaken 
out  with  ether,  and  this  solution,  after  being  acidified  with  HOI, 
evaporated. 

The  syrupy  residue,  consisting  of  the  clilor-hydrates  of  diethyl 
carbamide  and  diethyl  semi-carbazide,  is  boiled  with  three  or  four 
times  its  volume  of  fuming  HCl,  and  finally  saturated  with  IICl  gas, 
whereby  ethylhydrazine  hydrochloride  separates  in  needles. 

The  base  is  obtained  in  a  free  state  by  distilling  the  last  mentioned 
body  with  pot>ish  or  baric  hydi-ate.  It  is  a  mobile  colourless  liquid  of 
ethereal  odour,  somf^thing  like  ammonia,  boiling  at  99'5°  at  709  mm. 
pi-essure.  It  is  soluble  in  water  and  alcohol,  and  very  hygroscopic, 
and  acts  corrosively  on  cork  and  caoutchouc.  It  is  very  easily  oxi- 
dised, and  reduc(>s  alkaline  copper  solutions  Jis  well  as  silver  and 
mercury  salts  in  the  cold.  In  the  ca»<e  of  the  latter  metal  a  consider- 
able quantity  of  mercury  ethyl  is  produced.  Bromine  decom)X)ses  it 
immediately  even  in  strongly  acid  solutions,  liberating  nitrogen.  Its 
solutions  l)ehave  towards  most  metallic  salts  like  ammonia.  It  gives 
two  classes  of  salts. 

The  acid  hydrochlorate,  Q^l^.l^^V^.2\iQ\,  forms  fine  whiU^ 
needles,  soluble  in  water  and  alcohol  with  decomposition  into  the 
neutral  salt,  C2H5.N2H3.HCI,  which  remains  on  evaporation  as  a 
colourless,  heavy,  deliquescent  miiss. 
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Secondary  Hydraziiies, 

The  imsymmetrical  hydrazines  of  the  fatty  serias  are  proluced 
almost  quantitatively  by  the  reduction  of  the  nitrosamines  by  zinc 
dust  and  acetic  acid,  the  symmetrical  hydrazines  by  the  reduction  of 
the  corresponding  azo  compounds.  Both  varieties  are  simultaneously 
produced  by  the  action  of  alkyl  haloids  on  the  primary  hydrazines. 

Dietht/Un/drazine,  (C2H5)2N.NH2,  is  obtained  by  the  careful 
reduction  of  diethyl  nitrosamine  with  zinc  and  acetic  acid. 

After  the  termination  of  the  retiction  it  is  separated  from  the  zinc ; 
and  the  filtrate,  after  addition  of  excess  of  sodic  hydrate,  is  distilled 
with  steam,  best  from  a  copper  vessel.  The  watery  distillate,  which 
contains  hydrazine,  ammonia,  and  diethylamine,  is  saturated  with 
HCl  and  evaporated  to  i-emove  as  muchammonic  chloride  as  possible. 
Hydrazine  and  diethylamine  are  separated  from  this  filtrate  on 
addition  of  potash  as  an  oil.  To  separate  the  hydrazine  the  oily  mix- 
ture is  treated  with  cyanic  acid,  thus  forming 

DiethyUiydrazine  urea^  diflScultly  soluble  in  water  and  alcohol, 
and  which  may  thus  be  easily  puiified.  It  is  finally  distilled  with  solid 
potash  or  baric  hydrate,  and  obtjiined  jvs  a  colourless  liquid  of  ethereal 
ammoniacal  odour,  boiling  at  96°-99°  and  soluble  in  most  of  the 
ordinary  solvents.  It  is  a  monacid  base,  and  gives  salts  easily  soluble 
in  water  and  most  difficult  to  get  crystallised.  With  ethyl  iodide  it 
forms  triethylazouium  iodide  : 

(C,H,)3NI-NH„ 

white  needles  easily  soluble  in  water  and  alcohol,  insoluble  in  ether. 
Tetrcthyl  tetrazon,  (C2H5)2N.N  =  N.N.(C2H5)2.  By  oxidising  an 
aqueous  solution  of  diethylhydrazine  with  yellow  mercuric  oxide 
this  body  is  obtained  as  a  colourless  oil,  of  an  odour  somewhat  like 
leeks.  It  does  not  solidify  at  —  20°,  and  Cixn  only  be  distilled  in  a 
current  of  steam.  On  boiling  with  water  it  is  totally  decomposed. 
Many  mixe<l  fatty  aromatic  hydrazines  are  known,  and  will  bo  de- 
scribed under  aromatic  bodies. 

Alkulic  Cyanamides. 

276.  By  action  of  cyanogen  chloride  on  the  amines,  substances 
analogous  to  the  cyanamides  are  obtained  : 

C1.CN  +  2N(C„Hj„  +  ,)H,  =  N(C„Hs„+  ,)H3C1 
+  (CN).N^C„Hs„+,)H; 

as  also  by  desulphurising  the  mono-alcoholic  siilph ureas  (§  287)  by 
mercuric  oxide  in  boiling  aqueous  or  alcoholic  solutions  : 

N(CnH2n+l)H  N(C„H2n+,)H 

I  I 

G=S  +  HgO  =  HgS  4-  H2O  +    C^N 


NH2 

By  evaporation  of  the  liquid  from  which  the  mercuric  sulphide  has 
been  filtered,  they  are  obtained  as  noutml  synips,  which,  by  repeated 
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solution  and  evaporation,  are  rciuUly  polymerised  into  the  crystal- 
lisable  and  strongly  basic  melamine  derivatives : 

3CN,H(C„H2„  +  0  =  C3NeH3(C„Ha„  +  03. 

Siese  latter  can  combine  with  two  molecules  of  hydrochloric  acid, 
bat  these  salts  easily  decompose,  with  separation  of  ammonic  chloride, 
into  the  analogous  ammelide  derivatives  : 

C3N6H3(CJl2„+,)3,2H01  4-  H20=NH4C1 

+  C3N5.H2(C„H2„+03O,HCl; 

and  similarly  by  long  boiling  with  excess  of  hydrochloric  acid  into 
trialcoholic  isocyanurates : 

C8NeH3(CnH2„  +  ,)3  +  3HC1  +  SH^O  =  3NH4CI 

+  C-3N3.(CnH2n+ 1)3^3' 

By  these  reactions  the  melamine  from  which  these  substitution 
products  are  derived  is  not  expressed  by  the  foimula  already  given 

(§117): 

I    I 

N— C— NHj 


HjN— C=N 

but  only  by  the  isomeric  cxpi'ession  : 

IIN=0— N— H 

I       I 
H— N    C=:NH 

I       I 
HN=C— N— H 

277.  The  most  thoroughly  investigated  body  of  this  class  is 
triethyl  melamine.  This  forms  strongly  alkaline,  readily  soluble, 
colourless  crystals,  whose  cold  concenti-ated  hydrochloric  acid  solution 
gives  with  platinic  chloride  a  double  siilt  : 

C!3N„(CjH,).,H„2HCI,PtCl„ 

in  easily  soluble,  wavellite-like,  crj^stalline  mas.'^es. 

By  long  standing,  or  in  shorter  time  by  boiling  its  solution,  tri- 
ethyl melamine  hydrochloride  decomposes  into  ammonic  chloride  and 
triethifl  ammelide  hydrochloride  : 

HN=C— N.C2H5  HN=C— N.CaH., 


CjlIvN    C=NH  +  2HCl  +  H20  =  NIl4Cl  +  C2HvN    Crz:0,HCl 

II  'II 

H.N=C^— N.C2H5  HNz=C— N.C2H5 

from  which  triethyl  ammelvle  can  lie  obtained  as  a  syrupy  mass 
readily  soluble  in  ether  and  giving  with  hydrochloric  acid  and  platinic 
chloride  the  double  salt 

[C,N,H,(C,H5)30]j2HCl,PtCl4. 
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By  long  continued  boiling  with  hydrochloric  acid  triethylic  wo- 
cyanurate  is  obtained  :         . 

HNzziC— N.C2H5  OznC— N.C2H5 

11  'I 

CsHft.N    C=NH  +  3HC1  +  3HjO  =  3NH4CI  -h  C2H5.N    C=0 

II  II 

HN=:C— N.CjHs  0=C— N.O2H,, 

If  triethyl  raelamine  be  submitted  to  dry  distillation,  it  splits 
into  two  compounds,  of  which  the  one  remaining  in  the  retort  as  an 
amori)hous  mass  is  by  its  composition  a  monethtjl  dicyan-diamide ;  the 
other,  boiling  at  190®,  is  diethyl  cyanamide : 

C3N6(C,H,)3H,=  (C,N,)<^g»^»>^      +  C,,H,oO, 

Monetliyl  dicyan-diamide.  Diethyl  cyananiide. 

The  latter  must  be  a  derivative  of  true  cyanogen,  as  on  boiling  with 
alkalies  it  yields  diethylamine  together  with  ammonia  and  a  car- 
bonate : 

I  +  2K0H  +  H2O  =  C0(0K)2  +  NH3  -h  N(C2H,)2H. 

N(C2H,)2 

laocyanides  of  the  Alcohol  Radicah,  C=N — CnHjn  +  i- 

278.  The  iso-  or  pbeudo-cyanidcs  of  the  alcohol  radicals  are  formed 
by  the  action  of  argentic  cyanide  upon  the  iodides  of  the  alcohol 
radicals  (§  96) : 

CSN-^Ag  +  IC„H2n+,  =  Agl  +  C=N-CnH2„+,; 

and  by  mixing  chloroform  ^\^th  piimary  amines  and  an  alcoholic 
solution  of  potassic  hydrate  : 

CHCI3  +  N(C„H2„+0H2  +  3K0H  =  3KC1  +  3H2O 

In  smaller  quantity  they  are  also  formed  as  bye-i)roducts  in  the  pre- 
paration of  the  isomeric  true  alcoholic  cyanides  by  dry  distillation  of 
})otassic  cyanide  with  potassic  alcoholic  sulphates.  They  are  liquids 
difficultly  soluble  in  water,  of  fearfully  disagreeable  odour  and  very 
poisonous  properties.  With  argentic  cyanide  they  unite  to  form 
crystalline  bodies  of  the  formula 

CN.C„H2„+„CNAg, 
probably 

C^N — CnH2n+ 1 


Ag— N^C 

from  which  tiiey  can  be  set  free  by  heating  with  an  aqueous  solution 
of  potassic  cyanide : 

I      I  +  K-C^N  =        11+  C=N-C„H2n + , . 

Ag— N=C  Ag-N^C 
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Thon^  pretty  stable  towards  alkali  solutions,  they  are  very 
readily  converted  into  formic  add  and  the  salts  of  primary  monamines 
by  acftds : 

H 

CEN— CoHj„+,  4-  2H0H  +  HCl  x=  0=0  +  N(0„Ha„  +  i)H8Ci; 

OH 

and  by  long  heating  with  water  to  180^  are  transformed  into  formates 
of  primary  amines: 

H 

I 
CEN— (<^„H2a  +  ,)  +  2HaO  =r  0=0 

O-.N(CnH2„+0Ha 
By  treatment  with  mercuric  oxide  they  yield  pseudo-cyanates  (§  280) : 

0 

CEN— CnHjn+i  +  HgO  =  d=N— CnHjn+l  +  Hg. 

270.  MethyUc  isocyanide,  or  methyl  carhammoniwn,  C=N — OH), 
is  a  colourless  liquid,  which  boils  at  58^-59°  and  disstHves  in  ten 
times  its  weight  of  water.  With  dry  hydrochloric  acid  it  yields  a 
solid  compound,  0N.0H3,H01,  which  by  addition  of  water  decom- 
poees  into  formic  acid  and  methylammonic  chloride  : 

H    OH3 

UCl  +  2HaO  =  0^0     4-  N(CH3)H8C1. 

NOH 

Eihylic  isocyanidey  or  ethyl  carhammonvum,  OizzN.CaHfi,  boils  at 
79**  and  is  an  oily  liquid  lighter  than  water. 

leoamylic  isocyanidey  or  isoamyl  carbammonium : 

0=N— CH2.CH2.CH<^^3 
boils  at  1 37°  and  is  completely  insoluble  in  water. 

Isocyanates  of  the  Alcohol  RadicdU, 

280.  These  compounds,  isomeric  with  the  true  cyanic  salts  (§  234), 
are  expressed  by  the  general  formula 

0=0 

II 

They  are  formed  ft'om  the  isocyanides  by  direct  oxidation  with  mer- 
curic oxide  (§  278),  with  greater  readiness  by  the  distillation  of  fused 
potaadc  cyanate  with  potasdc  alcoholic  sulphates  : 

0=0  0=0 

I]         +  K(C„H2n  +  0SO4  =  K,S04  +   11 

N— K  N--OnH,a+l 


194      DERIVATIVES  OF  THE  ALCOHOL  RADICAL,  CnHj^i. 

a  larger  part  being  invariably  polymerised  to  isocyanurate.  The 
known  compounds  are  low-boOing  liquids  of  extremely  penetrating 
and  disagreeable  smell,  provoking  to  tears;  they  react  on  water, 
forming- carbonic  anhydride  and  dialkyl  ureas  : 

N(CnH2n+i)H 


C=0  I 

[l  +  HjO  =  CX)2  +  0=0 

N — OnH  211+1 


N — OnH9ii4.i 

N(C„H«+,)H 

and  by  aqueous  acids  are  rapidly  decomposed  into  carbonic  anhydride 
and  salts  of  primary  amines : 

0=0 

l]  +  H,0  +  HOI  =  00,  +  N(0iiH2„+  OHsOl. 

N — OJELin-k-i 
With  the  alcohols  by  analogous  reactions  they  yield  primary  amines 
(§  266)  : 

0=0 

M  +  2H0K  =  OO(OK),  +  N(OiiHjn  +  OH,. 

N — O11H211+1 
They  absorb  a  molecule  of  dry  hydro-acids,  forming  liquid  compounds: 

00 

0=0  II 

M  +HC1   =   ^-{CnB^^,) 

N — OnH2ii+  1  /\ 

01     H 

which  quickly  decompose  with  water  in  the  above-mentioned  way. 

With  amide  compounds  they  unite  to  form  substituted  ureas  (see 
§§  282  and  283). 

The  following  are  the  best  known  : — 

0=0 

Methf/lic  iaocycmate,  or  methyl-carhoxyl  a/mine,   \\  ,  a  veiy 

K— OH3 
volatile  liquid. 

Eihylic  Uocyanate^  00(N.02H5),  boils  at  60^,  and  with  sodic 
ethylate  yields  triethylamine : 

0=0 

II  +  202H5.0.Na  =  C0(0Na)2  -f-  NCCaHg).. 

N-O2H5 

0=0 

The  hydrochloride,  ^^a    ^  boils  at  95^  and  possesses  a  veiy 

01 

penetrating,  tear-exciting  odour. 

IsoamyUc  iBOcyomaUy  C0(N05H,i),  boils  at  about  100®. 

Isocyanuraiea  of  the  Alcohol  RadicaJs. 

281.  It  has  been  mentioned  in  the  preceding  paragraph  that  in 
the  preparation  of  isocyanates  from  potassic  isocyanate  and  potassic 
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aloohoHo   sulpbates  the  greater  part  of  the  volatile  products  polj- 
meriaes  1x>  isocyaniirate. 

B7  an  analogous  reaction  the  isocyanurates  are  also  prepared  by 
the  dry  distillation  of  potassic  al^lic  sulphates  with  tripotassic 
cyannrate: 

3K(C„H»+i)S04  +  C,N,03K3  =  SK^SO^  +  C3O3N3(CnH,n+08. 

That  they  result  from  the  true  cyanurates  by  distilling  the  latter, 
through  intra-molecular  change  of  the  elements,  has  been  already 
(§  235)  mentioned ;  e.g. 


CH,.O.C=N  0=C— N.CH3 

II  II 

N— C.O.CH3  by  distillation  becomes  CH3.N    0=0 

CH,.O.C==N  0=C— N.CH3 


Methylio  cjaaurate.  Methylic  isocyanarate. 

The  formation  from  the  trialkylic  derivatiyes  of  melamine  has  been 
already  given  (§  277). 

The  isocyanurates  of  the  alcohol  radicals,  so  far  as  they  have  been 
prepared,  are  crystalline  bodies  of  pretty  high  melting  and  boiling 
point,  and  can  be  crystallised  from  hot  water,  alcohol,  and  ether. 
They  are  decomposed  on  boiling  with  alkalies  (similarly  to  the  pseudo- 
cyanates),  into  carbonates  and  primary  amines  : 

CaO,(N.CnHj„+03  +  6H0K  =  3CO(OK)2  +  3N(CnHan+i)Ha. 

The  best  known  compounds  of  this  series  are  the  following : — 

Trimethylic  isocyanurate,  C303(N.CH3)3,  forms  colourless,  brilliant 
prismatic  crystals,  which  melt  at  175*^  and  boil  at  295°.  Their 
vapour  density  is  5*92^ 

Triethylic  iaocyanurate,  C303(N.C2H5)3,  crystiillises  in  rhombic 
prisms,  which  melt  at  85°  and  boll  at  276°. 

If  triethylic  isocyanurate  be  Ixjiled  with  baric  hydrate  solution 
until  the  precipitation  of  baric  carbonate  ceases,  and  the  filtrate,  freed 
from  excess  of  l>aric  hydi-ate  by  carbonic  acid,  evaporated,  a  viscous 
oil  is  left  of  the  formula  C9H17N3O2  : 

C9H15N3O3  -h  Ba(0H)2  =  BaC03  +  O^n.^^Jd^. 

This  body  is  without  doubt  iriethyl  biuret : 

CO 


N-C,Hj 

I 
CO 


On  dry  distillation  it  decomposes  into  ethylic  pseudo-cyanate  and  di- 
ethyl urea. 

02 
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In  the  cmde  triethylic  isocyanurate,  obtained  by  the  dry  distillation 
of  potassic  ethylic  salphate  with  potassic  cyanurate,  there  is  also  a 
more  readily  soluble  body.  By  boiling  the  mother  liquor  of  the 
aqueous  crystallisation  with  haric  hydrate,  and  precipitation  of  the 
barium  by  sulphiuic  acid,  there  is  obtained,  on  evaporation  of  the 
fOitrate,  hexagonal  prisms,  or  rhombohedrons  of  diethylic  cyanurat-e, 
C3N303(C2H5)2H,  which  melt  at  173®.  Its  structure  is  as  yet  un- 
known. 

Substituted  Ureas, 

282.  XJreas  containing  the  alcohol  radicals  have  not  yet  been  pre- 
pared from  urea  itself,  but  are  obtained  readily  from  the  isocyanates. 

Analogously  to  the  formation  of  urea  from  the  decomposition  of 
potassic  isocyanates  with  ammonic  salts : 

0=O.NK  +  NH^a  =  KCa  +  CO.(NHj)j, 

the  former  yields  with  the  salts  of  primary  amines  the  mono-alkylic 
ureas: 

0=O.NK  +  NCCnHjn+OHsCa  =:KC1  +  C0<5§"^*"*+>^^ 

JX112 

On  decomposing  potassic  isocyanate  with  the  salts  of  secondary 
amines  a-diaHeylic  ureas  are  formed  : 

CO.NK  +  ^(CnHan  +  OjHaCl  =  KCl  +  C0<SJ^°^2°  +  i)> 

Metameric  with  these  latter  are  /3-dialkylic  ureas,  which  are  obtained 
from  alkyUc  isocyanates  and  primary  amines : 

(C0)=N(C„H2n+i)  +  N(C„H2„+i)H2==CO<ggg^+jjg 

That  these  substituted  ureas  are  also  formed  by  the  decomposition  of 
the  isocyanates  with  water  has  already  been  mentioned  (§  280).  The 
reaction  occurs  without  doubt  in  two  stages,  in  the  first  according  to 
the  equation : 

CO 

+  HjO  =  CO  J  +  N(CnH2„+ OHj. 

•CiiH2n+  1 

Together  with  carbonic  anhydride,  a  primary  amine  is  formed,  which 
then  reacts  on  a  second  molecule  of  the  isocyanate. 

If  in  this  latter  reaction  a  secondary  amine  be  used,  a  trisubstituted 
urea  is  obtained : 

(CO)=N(C„H,n+0  +  N(C„H^+,)«H  =  CO<gj^°{J«°+|j^H 

The  tertiary  amines  are  without  action  on  the  isocyanates  of  potas- 
sium and  the  alcohol  radicals. 

As  by  these  methods  polysubstituted  ureas  can  also  be  prepared 
containing  different  alcohol  radicals,  the  number  of  possible  com- 
pounds in  this  group  is  very  large.  The  reactions  of  the  alkylic 
derivatives  of  urea  correspond  in  many  points  with  those  of  the 
parent  body.  They  unite  with  acids  to  form  saline  compounds, 
which  contain  only  one  equivalent  of  the  acid;  by  heating  with 


I 
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aqaeoos  aods  or  wIlntliflB  they  are  all  deoompoeed  into  carbonic 
anhydride  and  amines : 

C0<5§»^»+  '^^    +  ^«^  +  2"^  «  CO,  +  N  (C„H«+  ,)H,C1 

+  NH^Cl 

C0<5JJ»^»»+«^*  +  2H0K  =  CO(OK),  +  N(C„Htt+,),H 

+  NH, 

^^Ni§lH*+  JJh    +  2^^^  =  CO(OK),  +  2N(C„H«+  ,)H, 
and  finally 

*'^SiSH«+',)H+  2H0K  =  C0(0K),  +  N(C„Hj„+,)»H 

+  N(C.H,„+,)H,. 

At  hi^er  temperatnres,  however,  thej  show  a  difference  in  be- 
haviour. The  mono  derivatives,  similarly  to  urea,  cannot  be  distilled 
nnchiinged,  but  give  primaiy  amines  and  cyanuric  add,  whilst  the 
di  and  tri  derivatives  distil  unaltered. 

883.  The  following  are  the  more  important  of  the  numerous  com- 
pounds  known  : — 

Methyl  urea,  H^— CO— N(CH3)H,  forms  long  prisms,  deli- 
quescent in  moL<(t  air,  from  whose  concentrated  solution  nitric  acid 
s^Murates  a  difficultly  soluble  nitrate  of  the  formula : 

Ethyl  urea,  H^N— CO— N(C,H5)H,  crystallises  in  readily  soluble 
long  prisms,  which  melt  at  92°  and  decompose  at  about  200°.  The 
nitrate  is  readily  soluble. 

a-Diethyl  urea,  H^N — CO — N(C  3115)2,  prepared  from  potassic 
isocyanate  and  diothylammonic  salts,  is  metamcric  with  /3-diethyl 
urea. 

^Dimethyl  urea,  H(CH3)N— CO— N(CH3)H,  melts  at  97°  and 
boils  unaltered  at  270°-280°. 

(^-Diethyl  urea,  H(C2H.0N— CO— N(C2H5)H,  crystallises  in  large 
prisms,  which  melt  at  112°-113°  and  boil  at  263°  without  decom- 
position. When  heated  in  an  atmosphere  of  dry  hydrochloric  acid, 
it  splits  up  into  ethylammonic  chloride  and  ethylic  pseudo-cyanatc 
hydrochloride  (§  280)  : 

N(C2H5)H  N(C2H5)H3C1 


CO  +  2HC1  =     CO 

I  1] 

N(C2H,)H  N— C2H5,Ha 

Of  the  numerous  analogous  compounds  with  different  alcohol 
radicals  methyl-ethyl  urea  may  be  mentioned ;  it  is  very  deliquescent 
and  is  prepared  by  action  of  methvlamine  on  ethylic  isocyanate. 

Triethyl  urea,  H(C2H5)N— CO— N(C2H5)2,  is  soluble  in  water, 
alcohol,  and  ether,  melts  at  63°,  and  distils  unchanged  at  223°. 
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Thiocarb-^Ukylamme  Compounds. 

* 

284.  The  alkylamine  compounds  of  the  thio-carbonic  acid  radi- 
cal OS  are  more  thoroughly  known  than  those  of  carboxyl.  K  an 
alcoholic  solution  of  a  primary  amine  be  mixed  with  carbonic  di- 
sulphide  they  unite  with  evolution  of  heat,  and  on  evaporating  the 
solutions  the  primary  amine  salts  of  the  alkylic  sulpho-carbamates 
are  obtained : 

CSa  +  2N(C„H2n  +  i)Ha=  C=S 

S,N(CnH2n+i)H8 

from  which  adds  precipitate  the  mono-substituted  sulpho-carbamic 
acid  as  oils  which  solidify  to  crystalline  masses.  In  the  presence  of 
excess  of  acid  these  decompose  with  evolution  of  carbonic  disulphide  : 


N(C.H»+,)H 

0=d 


L 


S  +  HCl  =  N(C„H»+ ,)H,C1  +  CS,. 


If  the  original  salts  be  heated  with  argentic  or  mercuric  saltH, 
metallic  snlpUde  is  precipitated,  sulphuretted  hydrogen  evolved,  and 
isoBulpho-cyanates  (so-called  mustard  oUs)  formed : 

N(C.H^+,)H 

2C=S  +  Hg(O.NO,),  =  2N(C„H  j„  +  OHj.O.NOs  +  H,S 

iN(Q.H»+,)H,  N-(C„Hs„+,) 

+  HgS  +  2 1 1 

C=S 

The  conversion  is  still  easier  if  iodine  tincture  be  employed  instead  : 

N(C„H«+,)H 

6=8  +  I,  =  N(OnH,n+  OHjI  +  HI  +  S  +  II 

J  C=S 

The  separated  sulphur  is  filtered  off  and  the  liquid  distilled  with  sodio 
hydrate,  when  the  isosulpho-cyanate  distils. 

If  the  alkylamic  salts  of  sulpho-carbamic  acids  be  heated,  they 
evolve  hydric  sulphide  and  leave  disubstituted  sulphureas : 

N(CnH3„+  i)H  N(0nH2o + ,  )H 

0=S  =HjS+  C=S 


ISOSULPHO-OYANATES.  199 

whidi  by  distiUation  with  phosphoric  anhydride  are  conyertod  into 
iaosalphoKTanates : 


6=8  =N(C„H^  +  ,)H2+   II 

I  C=S 

N(C„H,„+,)H 


286.  The  alkylic  iaosulpho-cyanateB  are  distillable  liquids  of 
strong,  tear-exciting  odour,  which  raise  blisters  on  the  slon.  By 
boiling  their  alcoholic  solutions  with  mercuric  oxide  they  are  con- 
Torted  into  the  corresponding  isocyanates : 

N(CnH«+,)  N.(C„H«+,) 

which  soon  undergo  further  change. 

If  an  isoeulpho-C3ranate  be  heated  with  absolute  alcohol  to 
110^-120^  it  is  converted  into  ethylic  alkyl-oxysulpho-carbamate : 

IT  +  HO.C2H5  =  o=s 


O.CoH 


2"5 


whilst  by  mercaptan  in  analogous  reaction  ethylic    alkyl-disulpho- 
carbamates  are  formed : 

N(C„H«,+  ,)  I 

I  +H.S.CjH.=     C=S 

0=8  I 

S.C2H.5 

By  heating  with  water  to  200°  the  isosulpbo-cyanates  are  de- 
composed into  amines,  hydric  sulphide,  and  carbonic  ajihydride : 

N(CnH2n+i) 

II  +  2H2O  =  N(C„H2n  +  i)H2  +  CO2  -h  H2S ; 

by    concentrated  sulphuric    acid  with  evolution   of  carbonic  oxy- 
sulphide  : 

CS(N.CnH2„+0  +  H2SO4  +  H2O  =  [N(C„H2n+,)H3]HS04 

-fCOS. 

They  unite  very  readily  with  ammonia  and  with  amines  to  form 
snlphureas: 

N(C„H2„+0  N(C„H2n+i)H 

C=zS       +  NH3  =  C=S 

NH2 
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N(C.H«+,)  N(C„H«+,)H 

C=S  +N(C„H,„+,)H,     =     C=S 


N(C„H«+,)H 

386.  The  ethyl  compounds  of  this  group  are  best  known.     Ethyl- 
amine  unites  with  carbonic  disulphide  to  form 

N(C,H,)H 


Ethf/lammonie  ethylsitlpho-earbamate,    0=8  whi^ 

S.N(C,Hs)H, 
cryBtallises  in  beautiful  hexa^nal  tables,  melting  at  103° 

N(0,H,)H 

Ethi/l  stdpho-carbamic  acid,  C=S  ,  prepared  from  this,  is  at 

SH 

first  obtained  as  an  oil,  which  after  a  time  becomes  crystalline 

By  boiling  its  argentic  salt  with  a  slight  excess  of  argentic  nitrate 
ethylic  isosulpho-cyanate  is  obtained  as  a  colourless  liquid,  boiling  at 

N(C,H5)H 

C=S  +  AgO.NOj  =  AgjS  +  HO.NOj  + 


I  C=S 

SAg 

It  is  more  generally  prepared  from  ethylammonio  ethyl-sulpho-car- 
bamate  by  action  of  tincture  of  iodine. 

Absolute  alcohol  unites  at  110°  with  ethylic  isosulpho-cyanate, 
forming 

N(C,H5)H 

Ethylic  ethyUsvXpho-oxyea/rbamate,  C=S  ,  an  oil  smelling  like 

garlic,  which  boils  unaltered  at  204°-208^ 

Ethylic  mercaptan  converts  ethylic  isosulpho-cyanate  into 

N(CaH5)H 

I 
Ethylic  ethyl-§iUph(HXMrhamatei  C=S  ,  which  is  resolved  into 

S.C3U.5 
its  components  on  distillation. 

If  ethylic  isoeulpho-cyanate  be  treated  with  zinc  and  hydrochloric 
acid,  it  is  in  part  converted  into  ethylamine  and  methene  sulphide : 

CS(N.CjH5)  +  4H  =  N.CjHj.Ha  -f  CSHj  ; 
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iHiIkt  another  part  yields  methvl-ethyl-amine  and  hydric  sulphide : 

CH, 

p a  I 

1 1  +  6H  =  HjS  +  N— C,H, 


H 

The  foUowing  isosulpho-cTanates  of  alcohol  radicals  are  also  known  : — 
Meihylie  igomilpho^i/anate,  CS(N.CH3;,  a  a-ystalline  solid,  which 

melts  at  34°,  boils  at  119^  and  smells  strongly  like  hon^e  radish. 
Butylic  l909ulpho-€yanaUM. — Isobutylic  isonUpho-cj/ancUe : 


CS.N.CH,.GH<^« 


18  prepared  by  the  methods  given  above.  It  is  liquid  and  boils  at 
161  ^-163^.  Another  butylic  salt  forms  the  chief  constituent  of  the 
ethereal  oil  of  scurvy  grass  {Cochkaria  officinalis).  It  boils  at 
159^-160%  and  pelds  with  ammonia  a  different  urea  to  that  given 
by  the  first, 

Isoamylie  isosulpho-eyanaU,  CSy.CHj.CHs.CH^prr^,  is  an  oily 

liquid,  boiling  at  183°-184^ 

287.  Substituted  Sulphunas.—jyuthylsulphurea,  CS(N.C,H5.H^„ 
prepared  by  heating  ethylammonic  ethyl-sulpho-carbamate,  and  by 
union  of  ethylic  isosulpho-cyanate  with  ethylamine,  forms  large 
crystalB,  which  melt  at  77°.  Their  aqueous  solution  gives  with 
platinic  chloride  a  bright  yellow  cr}'stalline  precipitate. 

On  boiling  the  alcoholic  solution  with  mercuric  oxide  /3-diethyl 
urea  is  formed : 

CS(N.C2H5.H)2  +  HgO  =  HgS  +  CO(N.C2H5.H)a. 

By  heating  in  an  atmof^phero  of  hydrochloric  acid,  it  is  decomposed 
(aiialogously  to  diethyl  ui-ea)  into  ethylammonic  chloride  and  ethylic 
isosulpho-cyanate : 

CS{N.CaH5.H)  +  IICl  =  N.C2H5.H3CI  +  CS(NCaH5). 


EthyJr  methyl  sulphureOf  C=iS  ,   is    prepared   from  etliylic 

I 

N(CH,)H 
isosulpho-cyanate  and  methylamine. 

N.(C,H5)H 


Ethyl  stUphurea,   C=:S  ,  forms  colourless   needles,  which 

I 

melt  at  89°. 

By  boiling  its  alcoholic  solution  with  mercuric  oxide,  HgS  and 
H,0  are  formed,  togetlier  with  ethyl  cyanamide,  which  polymerises 
into  triethyl  melamine  (§  276). 
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N(CH,.CH<gg|)H 

hobutyl  stUphurea,  C=S  ,   obtained  from  iso- 

butylic  isoBulpho-cjanate  and  ammonia,  melts  at  90^,  whilst  that 
prepared  from  the  scurvy  grass  butylic  isosulpho-cyanate  melts 
at  135^ 

On  bringing  carbonic  disulphide  and  diethylamine  together  in 
alcoholic  solution,  they  unite  to  form  diethykwmanic  dieihylrwlpho 
oarhamaU: 

N{C,H,), 

0=8 
I 

The  solution  of  this  salt,  when  boiled  with  mercuric  oxide,  gives 
ethylic  isosulpho-cyanate  and  chlor-mercuric  sulpho-ethylate : 

N(C,H,), 

0=8  +  HgOl,  =  N(0jH»)^,01  +  01— Hg— S— 0,Hj 


No  sulphureas  can  be  prepared  from  tertiary  amines. 

SvhatUuted  Oucmidvnea, 

288.  The  monosubetituted  derivative  CN3(OnHsQ^.i)H4  can  be 
prepared  by  heating  cyanamide  with  the  hydiochlorides  of  primary 
amines: 

N(CnH2n+i)H.HCl 


I        +N(C„H2„+,)H2,HC1  =  C=NH 
NH,  I 

NHj 

similarly  to  the  formation  of  guanidine  by  action  of  cyanamide  on 
ammonic  salts : 

NHsCl 


I  +NH4C1=  C=NH 

NH,  I 

NHj 

By  this  method  methyl  guanidine  hydrochloride  is  prepared,  from 
which,  by  treatment  with  argentic  oxide,  methyl  giumtdine : 
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N.CH3.H 

I 
C=NH 

I 

can  be  separated. 

Methyl  goanidine  had  been  known  for  a  long  time,  under  the  name 
of  methyl  uramine,  as  a  product  of  the  action  of  mercuric  oxide  upon 
creatine  and  creatinine. 

It  forms  a  colourless,  crystalline,  deliquescent  mass  of  strongly 
alkaline  reaction  and  caustic  ammoniacal  taste.  It  decomposes 
n-TnTunnift  salts,  precipitates  metallic  oxide  from  their  salts,  dissolves 
aluminic  and  ferric  hydrates,  and  absorbs  carbonic  anhydride  from  the 


Its  crystalline  salts  contain  one  equivalent  of  acid  and  react 
slightly  alkaline.  The  hydrochloride  yields  with  platinic  chloride  a 
double  salt,  crystallising  in  the  monodinic  system  and  of  the 
formula: 

rN(CH3)H     - 

C=NH,HC1 

NHo 


2,Pt01( 


On  boiHng  with  solution  of  baric  hydrate  it  decomposes  into  carbonate, 
ammonia,  and  methylamine : 

N.CHj.H 

I 

C=NH     +  Ba(OH)a  +  HaO  =  BaCOj  +  2NH3  +  N.CH,.H, 

NHa 

Disubstituted  derivatives  have  not  yet   been  prepared,  but  tri 
derivatives  are  known. 

N.C2H.5.I1 
Triethyl  guanidine,    (^=^.0^^^   is   obtained    from    triethylic 

I 

isoc3ranurate  (§  281)  by  heating  with  an  alcoholic  solution  of  sodic 
ethylate,  and  separates,  in  union  with  water,  as  a  hydrate  forming  a 
strongly  alkaline  oil : 

0=C— N.C2H5  N.C2H5.H 

I       I  I 

C2H5.N    C=0         +  4NaOH  =  2Na2C03  +      C=z:N.CoH5,H.0H 

0=0-^N.C2H5  N.C2H5.H 

It  is  also  obtained  by  boiling  an  alcoholic  solution  of  diethyl  sulph- 
urea  containing  much  ethylaminc  with  mercuric  oxide  : 
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N.CjH5.H  N.C2H5.H 

0=S  +  HgO  +  N.CjHfi.Hj  =  HgS  +    CbzN.CaHs.H.OH 


N.CjH5.H  N.0aH5.H 

It  absorbs  carbonic  anhydride  from  tbe  air,  and  yields  salts  with  acids. 
The  platinoKshloride  2[CSN8(CjH5)8Ha.HCl]2,RCl4  crystelliaes  in 
beautiful  tables. 

On  distilling  hydrated  triethyl  guanidine,  it  decomposes  into  ethyl- 
amine  and  diethyl  urea : 

I  I 

C=N.CjH5.H.0H  =  0=0  +  N.CjH5.Hj 


NUro-paraffinSy  CnHan+i-NOa. 

289.  These  compounds,  isomeric  with  the  alkylic  nitrites  (§  213), 
are  readily  obtained  by  the  action  of  alkylic  iodides  upon  argentic 
nitrite,  which,  therefore,  probably  in  great  part,  is  not  the  salt 
Ag — 0 — ^NO,  but  Ag — NOj.  The  reaction  goes  on  with  great  vio- 
lence according  to  the  equation  : 

CnHjn+  il  +  AgNOj  =  Agl  +  CnHan+i-NOa. 

The  nitro-paraffin  is  distilled  from  the  argentic  iodide  and  purified 
by  fractionation. 

The  nitro-paraffins  are  distinguished  from  the  isomeric  alcoholic 
nitrites  by  their  much  higher  boiling  points  and  greater  stability. 
They  do  not  explode  on  heating.  A  property  peculiar  to  those 
poorer  in  carbon  (it  ceases  with  the  butyl  compounds)  is  their  power 
of  exchanging  one  atom  of  hydrogen  for  sodium,  this  occurring 
either  by  action  of  the  metal  on  ethereal  solution  of  the  nitro-paraffin 
or  by  treatment  with  sodic  hydrate  in  water  or  alcohol : 

SOnHan+pNOa  +  Naj  =  Hj  -t-  2CnH2nNa.N02. 
OnHan  +  i.NOa  +  NaOH  =  OHj  •\-  CnHanHa.NOa. 

This  first  reaction  by  employment  of  potassium  becomes  so  energetic 
that  the  mixture  inflames. 

In  these  compounds  the  alkali  metal  invariably  attaches  itself  to 
that  carbon  atom  to  which  the  NO2  group  is  united  : 

OHa  CH,  CH3 

k5a  Y"^- 

NO2  NO2 

Sodinm  nitro-ethane.  Sodium  nitro-isopropane. 

On  heating  the  dry  metallic  compounds  they  explode  violently. 
In  water  they  are  readily  soluble,  but  then  easily  decompose;  in 
alcohol  the  sodium  compounds  are  insoluble,  the  potassium  compounds 
soluble  and  readily  chaiiged. 
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If  the  freah  aqaeous  solution  of  a  sodium  oomponnd  be  addulated, 
the  nitro-paraffin  separates  unchanged  as  an  oil ;  if  mixed  with  salts  of 
hea^j  mfftelsy  the  latter  replace  the  sodium.  These  resulting  metallic 
nitro-paraffins  are  mostly  insoluble  precipitates.  The  silver  compounds, 
for  instance: 

C^jBiNa(NO,)  +  AgO.NO,  =  NaO.NO,  +  CaHj„  Ag(N0)2, 

are  cnrdj  precipitates,  which  rapidly  blacken,  owing  to  separation 
of  sOvor. 

When  the  fresh  aqueous  solutions  of  sodium  or  potassium  nitro- 
paraffins  (obtained  by  solution  of  nitro-parafl^  in  concentrated 
aolutiQns  of  the  respective  hydrates)  are  slowly  mixed  with  bromine, 
the  brom-nitro-paralfins  separate  as  distillable  oils;  e.g. 

CH,  CH, 


N 


I 

ro,  NO, 

Sodium  nitro-^Uume.  Brom-nitro-ethaae. 


lliere  is  invariably,  however,  some  dibrom-nitro-ethane : 

CHa.CBr^NOj, 

obtained  at  the  same  time. 

By  treatment  of  a  slightly  heated  alcoholic  solution  of  a  nitro- 
p^^Tftflfin  with  acetic  acid  and  iron  filings,  reduction  to  the  acetate  of  a 
primary  amine  occurs : 

(OnH^n+ONOj  +  3Fe  +  THO.CjHaO  =  3Fe(O.CjH30)8  +  2H,0 

+  (CnH2n+l)NH3.0.CaIl30,^ 

from  which   on  distillation   with  an  alkali   the  primary  amine  is 
obtained. 

890.  The  following  compounds  have  so  far  been  obtained : — 

H 


I^Uro-methane,  CH3.N02  =  H — C — H,  a  colourless  mobile  liquid 


0=N=0 

little  soluble  in  water  and  which  boils  at  99°-101°. 

It  is  also  obtained  by  heating  a  mixture  of  concentrated  solutions 
of  potassic  monochlor  acetate  and  nitrite  : 

CHjCl 
2  I  +  2KNO2  4  H2O  =  2KC1  +  KjCOj  +  COj 

CX).OK 

+  2CH3.NOa, 

the  nitro-methane  distilling  over  with  the  water  vapour.  If  nitro- 
methane  be  poured  into  an  alcoholic  solution  of  sodic  hydrate,  a 
colourless  precipitate  of  sodium  nitro-methane  alcoholate  : 

CHa.NaNO„CjHeO, 

is  obtained,  which  by  long  exposure  over  sulphuric  add  in  vacuo  is 
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oonverted  into  a  light  white  amorphous  powder  of  sodium  nitre- 
methane,  CH2Na.N02. 

Mercuric  nitro-methane,  prohably.  (N02)CH2.Hg.CH2(NO)2,  pre- 
pared by  adding  mercuric  chloride  to  the  aqueous  solution  of  sodium 
nitro-methane,  when  in  the  dry  state,  explodes  with  fearful  violence  if 
rubbed  with  a  dry  body. 

891.  Nitro-etha/M,  CH3.CH2.NO2,  is  a  colourless,  agreeable-smell- 
ing oil,  of  sp.  gr.  10582  at  13*^  and  boUing  at  113°-lU^ 

Sodiimi  nitro-ethane,  CH3.CHNa.NO2,  explodes  violently  on  heat- 
ing. It  deliquesces  in  moist  air.  The  aqueous  solution  gives  with 
mercoric  chloride  white  needles  of  the  formula : 


OH, 

pHg-^ 
NO2 


By  treatment  of  a  solution  of  sodium  nitro-ethane  with  bronune,  an 
oil  is  obtained  which  is  a  mixture  of 

OH, 

hrom^Uro^hcme^  CIHBr2  (boiling  at  145°-148®) ;  and 

NO2 
OH3 

dtbrom-nitro-dkaiM,  OBt^  (boiling  at  162*»-164*'). 

NO2 

292.  Nitr(hpr<>pa/Mi  CH8.CH2.CH2.NO2,   and    nitro-isopropaney 

OH 

Q-D-*^  C/H.NO2,  are  colourless  mobile  liquids,  insoluble  in  water. 

The  first  boils  at  125*'-127°,  the  latter  at  112°-117^     Both  yield 
with  alcoholic  solution  of  sodic  hydrate  precipitates : 

OH,.CH2.CHNa.N02  and    ^]^3N^CNa.N02, 

which  detonate  at  higher  temperatures. 

NUro-iaopentam,  ^^3>CH.CH2.CH2.N02,  boils  at  ir>0*»-160% 
and,  as  already  mentioned,  does  not  yield  metallic  derivatives. 

Phosphorus  Compounds  of  the  Alcohol  Eadicals. 

293.  Similarly  to  the  derivation  of  the  amines  from  ammonia, 
phosphoretted  hydrogen,  FH3,  yields  alkylic  phosphine  bases. 

These  latter  show  the  property  of  uniting  with  acids  only  in  a  veiy 
diminished  degree,  the  power  of  uniting  with  acids  decreasing  with 
increased  replacement  of  hydrogen  by  alcohol  radicals.  The  bodies 
belonging  hereto  form  the  following  groups : 
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Primuy  phoepliine8,F(Ci|H2ii+  OHa^correBponding  toN(Ci|H2n+ OH^. 
Secondary         „       P(CnH2n+i)2H  „        „        N(CnH2n+i)2H. 

Tertiary  „      P(C„H2„+i)8  »       »        N(C„H2n+i)3. 

Qnatemary  pboBphonitim  compounds,  F(CnH2n4. 1)4X9  corresponding 
toN(C„H»+i)4X. 

The  trivalent  phosphorus  compounds  are  distinguished  from  the 
eorrespondiiig  ammonia  derivatives  by  their  ready  oxidisability, 
absorbing  o^gen  by  mere  exposure  to  air,  often  with  spontaneous 
inflammation.  The  tertiary  phosphines  yield  oxides  of  the  formuU 
P(CbH2ii-|.i)30;  the  primary  and  secondary  phosphines  oxidising  to 
phoq)himc  adds,  T{CnK^  +  OaO.OH  and  P(CnH2n  +  i)0(OH)a. 

The  Alkylic  Phosphines. 

SM.  Whilst  by  action  of  ammonia  on  alkylic  iodides  the  main 
products  of  the  reaction  are  primary  amines,  by  passing  PH3  into 
heated  alkylic  iodides  no  primary  or  secondary  phosphines  are  formed, 
but  only  tertiary  and  quaternary  phosphonium  iodides. 

The  result  is  just  the  same  in  the  reaction  between  phosphonio 
iodide,  (PH4I),  and  alkylic  iodides.  In  order  to  obtain  the  primary 
and  secondary  phosphines,  the  reaction  between  the  two  last-mentioned 
bodies  must  take  place  in  presence  of  zincic  oxide. 

In  order  to  prepare  these  bodies,  two  molecules  of  phosphonic 
iodide,  one  molecule  of  zincic  oxide,  and  two  molecules  of  the  alkylic 
iodide  are  heated  in  sealed  glass  tubes  to  150°  for  six  to  eight  hours. 
The  tube,  when  cold,  contains  a  crystalline  mass,  which  consists  of  the 
hydrides  of  the  primary  and  secondary  phosphines  in  union  with 
zincic  iodide.  The  reactions  are  expressed  by  the  following  equa- 
tions: 

ZnO  +  2PH4I  +  20nH2n+iI  =  Znia  +  2P(CnH2n+i)HjI  +  OHj, 

and 

ZnO  +  PH4I  +  2C„H2n+iI  =  Znia  +  P(CnH2n+i)jH2l  +  OH2. 

From  this  mixture  the  primary  and  secondary  phosphine  can  be 
readily  separated  from  one  another,  and  obtained  in  the  pure  state 
by  means  of  the  decomposition  of  the  primary  phosphonic  salt  by 
water: 

P(CnH2„+,)H3l  +  «H20  =  (HI  +  a;H,0)  +  P(CnH2n+i)H„ 

in  similar  manner  to  : 

PH4I  +  «H20  =  (HI  +  a;HaO)  4-  PH3. 

The  secondary  phosphonic  salts  are  not  altered  by  water,  but  are 
decomposed  by  alkaline  hydrates. 

In  consequence  of  the  spontaneous  inflammability  of  the  phos- 
phines the  decomposition  must  be  carried  on  in  vessels  filled  with  dry 
hydrogen. 

The  products  from  several  tubes  are  for  this  purpose  placed  in  a 
flask  A  standing  on  a  sand  bath  (fig.  18).  The  flask  is  provided  with 
two  tubes  fixed  into  its  neck,  of  whic^  the  under  b,  bent  slightly 
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downwards,  Bervee  to  carry  the  products  of  distillation  to  the  con- 
denser  o,  which  contnJns  water  or  a  freezing  mixture,  the  upper  tube 
G  to  introduce  the  hydrogen,  that  has  been  gsneratod  in  E  and  dried 
by  passing  over  pumice  stone  moiflened  with  Bulphuric  acid  in  P. 
"Hie  lower  end  of  the  condenser  tube  is  fitted  into  a  cylinder  I  which 
sarres  to  coUect  the  phosphide  that  passes  over,  and  which  can  be 
Buiroonded  by  a  freezing  miztura  Any  uncondensed  pbosphine 
vapour  passes  into  the  flask  E,  which  contains  concentrated  hydnodic 
add.  This  absorbs  every  trace  of  phoephine  vapour,  with  separation 
of  Uie  dyatalline  phoephine  hydriodide.  As  soon  as  the  whole 
apparatus  Is  filled  with  hydrogen,  water  free  from  air  is  allowed  to 


flow  through  the  tap  funnel  d  on  to  the  mixed  iodides.  The 
primary  phoephonic  ioclide  decorngxiHes,  with  evolution  of  much 
heat,  into  aqueous  hydriodic  acid  and  primary  pbosphine,  which 
passes,  in  vapour,  through  b,  is  condensed,  and  collects  in  i.  During 
the  whole  process  a  slow  stream  of  hydrogen  passes  through  the 
apparatus.  As  soon  as  all  the  primary  pbosphine  has  been  removed 
from  the  decomposition  flask  the  cylinder  I  is  changed,  an  excess  of 
concentrated  solution  of  potassic  hydrat«  run  in  through  the  tap 
funnel,  and  the  liberated  secondary  phoephine  distilled  over. 

The  phosphiuee  so  obtained  ore  se|farated  mechanically  from  the 
accompanying  water,  then  placed  wiUi  quick-lime  in  an  apparatus 
similar  to  the  above,  only  containing  s  thermometer  instead  c^  a  tAp 
funnel,  and,  after  being  complet<dy  dried  by  the  lime,  are  distiUed  over 
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in  a  bM»  of  purity.  So  &r  as  yet  known  they  are  mostly  strongly 
nfractiTe  liquids. 

Primary  Fhosphines, 

2M.  The  primary  phosphines  are  distingmshed  hy  their  fearful 
odomr,  which  resembles  that  of  the  isocyanides  (§  278).  Their  salts 
are  very  tmstable,  are  decomposed  by  wat«r  throughout  by  strong 
acids,  and,  with  exception  of  the  hydro-iodides  and  platino-chlorides, 
are  acaroely  known.  Exposed  to  air,  the  primary  phosphines  oxidise 
readily,  with  rise  of  temperature  and  formation  of  fumes,  often  inflam- 
ing spontaneously.  They  unite  directly  with  sulphur  and  carbonic 
disulphide,  forming  liquid  compounds. 

yCHa 

Methyl  phoaphine,    F^H     ,  is  a  colourless  gas,  which  at  —  20^ 

\h 

<»r  by  a  pressure  of  two  and  a  half  atmospheres  condenses  to  a 
mohUe  liquid,  whose  boiling  point  is  below  —14°.  By  cold  ethylic 
alcohol  the  gas  is  pretty  readily  absorbed  (1  cc.  of  95  %  alcohol 
diBBolving  about  20  cc.  of  the  gas  at  0°).  On  mixing  methyl  phos- 
phine  and  dry  hydrochloric  acid  gases  they  unite  to  form 

Methyl  phosphanic  diloride,  P(CH3)H3Cly  in  four-sided  plates, 
which  are  very  volatile  and  dissolve  readily  in  concentrated  hydro- 
chloric add.  With  platinic  chloride  this  solution  yields  orange- 
coloured  crystals  of  the  formula  [P(CH3)H3Cl]2PtCl4. 

Methyl  phosphonic  iodide  separates  in  thin  tables  or  plates  on 
passing  methyl  phosphine  ga^  into  concentrated  hydriodic  acid. 

Ethyl  phoephvne^  P(C3H5)H2,  is  a  mobile,  colourless  liquid, 
lighter  than  water,  of  neutral  reaction,  and  of  boiling  point  25°.  Its 
vapour  bleaches  cork  and  is  largely  absorbed  by  caoutchouc,  which 
thereby  becomes  transparent  and  looses  its  elasticity.  Ethyl  phosphine 
takes  fire  on  contact  with  chlorine,  bromine,  or  concentrated  nitric 
acid.  Ethyl  phosphonic phi^hio-ddoride,  [P(C2H5)H3.Cl]2PtCl4,  crystal- 
lises in  beautiful  carmine  red  needles.  Ethyl  phosphonic  iodide 
forms  colourless,  four-sided  tables,  which  heated  in  a  stream  of 
hydrogen  sublime  at  100°. 

Isopropyl    phosphine,    Pe-H  ^,  boils  at  41°.      The  liquid 

inflames  spontaneously  on  exposure  to  air. 

H  ^,  a  colourless  liquid,  boils 

H 
at  62°  and  is  lighter  than  water. 

<CH2.CH2«CU  ^pxi 
H  ',  similar  to  the  last, 

H 
boiling  point  106°-107°. 

Secondary  Phosphines, 

296.  The  known  secondary  phosphines  are  colourless,  specifically 
light  liquids,  of  penetrating  odour,  which  on  exposure  to  air  oxidise 
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eoergetkaDyy  genetmUy  takiiig  fire.  'With  sulphur  mud  caibcDic 
diralphide  thej  umte,  fonning  ]iqnid&  Their  salts  are  not  deoomposed 
by  water,  bat  in  oonseqnenoe  of  thdr  great  solabilitr  are  mostly 
diffiooh  to  crystallise  with  the  exception  of  the  hydriodides. 

Dimetk^'pkc^ing,  P.(CH3),H,  boils  at  25^  (as  does  the  meta- 
menc  cftliii-phoaphine).  It  takes  fire  on  exposure  to  aii*.  The  platino- 
chloride,  [P(CH,),H,Cl],PtCl4,  is  crystalline. 

Diethyl  pko^Mne,  {^(C^H^),!!,  is  a  li^t,  spontaneooslv  infijun- 
mable  bkioid  of  boiling  pcnnt  85^  [P(0«Hs),Hsa]sPtCl4  cnrstallises 
in  large  <muige  ydlow  prisms. 

Diiaapropyl  pho&phine^  P(C3H.)2H,  boilB  at  118^  and  takes  fire 
on  exposure  to  air. 

Methyl^Uapropifi  pho^pkinej  N.CH3.C3H7.H,  is  obtained  from 
its  hydriodide  (fom^  directly  from  iaopropyl  phosphine  and 
methyUc  iodide)  as  a  spontaneoi^y  infiamm&ble  liquid  which  boils 
at  78^—80**. 

DitsofnUyl  j}ho9phine,  T{C^U^)^U,  boils  at  153^. 

Diitoami^  phagphine,  P(C^Hi , )sH,  boils  at  210'*-215='.  It  is  not 
apontaneoQsly  inflammable,  but  oxidises  on  exposure  to  air,  forming 
idiite  fames. 

Tertiary  Photphines. 

287.  The  tertiary  pbosphines  can  be  prepared  by  varioos  methods, 
of  whidi  several  have  already  been  mentioned.  Their  hydriodides 
are  formed,  together  with  qoatemazy  phoephonic  iodides,  by  heat- 
ing pbosphcmic  iodide  with  alkylic  iodides  in  sealed  glass  tabes  at 
16a*-180*» : 

PHJ  +  3CnH^+,I  =  P(C„H^+03HI  +  3HI, 
and 

PH  J  +  4C„H«+  ,1  =  P(C„H„+  ,).I  +  *in ; 

at  the  same  temperatare  aLso  from  phosphonic  iodide  and  alcohols : 

PHJ  +  3C.H^^.i.0H  =  P(C„H^+i)3HI  +  3H,0, 
and 

PH4I  +  ACnR^a +i'On  =  P(C„H^  +  ,)4l  +  4H,0; 

and  by  absorption  of  gaseoos  phosphoretted  hydrogen  by  heated 
alcoholic  iodides : 

PH,  +  3CaH2„+,I  =  P(C„H^+,)3HI  +  2HI,  &c 

If  the  products  of  these  reactions  be  heated  with  potassic  hydrate 
solution,  the  tertiary  phosphine  separates  as  a  liquid  floating  on  the 
aqueous  solution : 

P(C„H2„+,)3HI  +  KOH  =  P(CnH^+,)3  +  KI  +  H,0, 

whilst  the  quaternary  phosphonic  salts  are  not  attacked  by  the 
alkalL 

Tertiary  phoephines  are  also  prepared  by  heating  phosphorus 
with  alkylic  iodides  to  160°  and  afterwards  heating  the  resulting 
product  with  the  respective  alcohols  to  the  same  temperature. 

They  are  readily  obtained  by  mixing  the  zinc  compounds  of  the 
alcohol  radicals  with  phosphorous  tiichloride  in  vessels  filled  with 
carbonic  anhydride.     As  the  reaction  is  very  violent,  the  zinc  com- 
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poand  mturt  be  dilated  with  ether,  and  the  phosphorous  chloride 
aknrly  dropped  in : 

3Zn(CaH»+i)2  +  2PCl3=  2P(CnH2„+i)3  +  ^ZnCi^. 
The  tertiary  amine  is  not,  however,  in  the  free  state,  but  united  with 
the  zincic  chloride ;  on  evaporating  the  ether,  and  heating  the  residue 
with  potassic  hydrate,  the  tei*tiaiy  phosphine  is  obtain^  as  a  layer 
floating  on  the  aqueous  liquid.  It  is  separated  mechanically  fh>m 
the  latter,  dried  by  fused  potassic  hydrate,  and  rectified  in  a  current  of 
hydrogen. 

The  known  tertiary  phosphines  are  liquids  insoluble  in  water,  but 
miscible  with  alcohol  and  ether;  they  eagerly  absorb  an  atom  of 
oxygen  firom  the  air,  and  frequently  take  fire. 

They  similarly  and  with  much  evolution  of  heat  unite  with 
one  atom  of  sulphur,  P(CnH2n4.i)3S,  or  two  atoms  of  a  halogen, 
P(CnH2n^.  1)3^12.    The  latter  compounds  are  all  ciystalline. 

The  most  characteristic  reaction  for  tertiary  phosphines  is  their 
behaviour  towards  carbonic  sulphide.  If  the  latter  be  mixed  with  a 
tertiary  phosphine,  which,  to  moderate  the  violence  of  the  action,  has 
been  dilnted  with  several  times  its  volume  of  ether,  they  both  com- 
bine, with  considerable  evolution  of  heat,  to  compounds  of  the  formula 
P(CnHjn^.i)jCS2,  which  on  evaporation  of  the  solvent  are  obtained 
in  red  crystals.     These  bodies  appear  to  have  the  composition  : 

S 

Water  converts  them  into  carbonic  disulphide,  tertiary  phosphines, 
oxides,  sulphides,  &c. 

The  salts  of  the  tertiary  phosphines  not  being  decomposed  by 
water,  can  be  prepared  by  means  of  aqueous  acids,  and  are  mostly 
readily  soluble. 

298.  Trimethyl  phosphhie,  P(CH3)3,  is  a  colourless,  mobile, 
extremely  unpleasant  smelling  liquid,  slightly  denser  than  water.  It 
boils  at  40°-42°  and  infiamcs  spoutaneously  in  the  air. 

Triethyl  phosphine,  P(C2H5)3,  has  sp.  gr.  -812  at  15°,  and  boils 
at  127*5°.  The  odour  is  benumbing,  but  when  much  diluted  with  air 
resembles  that  of  hyacinths.  The  hydro-acid  compoimd  can  be  readily 
obtained  in  crystals. 

Triethyl  phosphonic  chloride^  Vip^^^Cl,  gives  with  platinic 
chloride  a  double  salt  of  the  formula  [P(C2H5)3HClj2PtCl4,  difficultly 
soluble  in  water,  insoluble  in  alcohol.  The  carbomc  disulphide  com- 
poimd crystallises  in  red  plates  or  needles,  which  melt  at  95°. 

Triisopropyl  phosphine,  P(C3H7)3 ;  triiaohutyl  phosphine^ 
P(C4H9)3,  boiling  point  215®  ;  and  triisoamyl  phosphine^  P(C5Hii)3, 
boiling  point  about  300°,  have  also  been  prepared. 

Quaternary  Phosphonium  Compotmds. 

299.  Some  methods  of  formation  of  quaternary  phosphoniiun 
iodides  have  already  been  given.  They  are  most  readily  obtained  in 
a  state  of  purity  by  mixing  tertiary  phosphines  with  alkylic  iodides, 
a  very  violent  reaction  and  evolution  of  heat  occurring : 

p2 
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or        P(CnH^+  1)3  +  Cn'H,n'+  1^  =  P(CnH2n+  i)3(Cn'Hjn,^  |)L 

They  are  not  decomposed  by  strong  solutions  of  alkaline  hydrates,  but 
are  precipitated  in  crystals  from  their  aqueous  solutions. 

If  the  solution  of  such  an  iodide  be  shaken  with  freshly  precipi- 
tated argentic  oxide,  argentic  iodide  separates  and  quaternary  phos- 
jibainc  hydrates  are  formed  : 

P(C.H^+,)4l  +  AgOH  =  Agl  +  P(C„H^+,),OH. 

These  hydrates  completely  resemble  the  quaternary  ammonic 
hydrates.  They  react  stronely  alkaline,  hare  a  caustic  action,  eagerly 
absorb  carbonic  anhydride  from  the  air,  and  completely  neutralise  the 
Btrongest  acids.  They  are  ctystaUisable,  but  extremely  soluble  and 
deliquesce  in  the  air.  Their  salts  are  also  mostly  soluble  in  water. 
The  platino-chlorides  crystalliw  in  difficultly  soluble  octahedra. 

Whilst  the  quaternary  ammonic  compounds  on  distillation  decom- 
pose into  tertiary  amine,  water,  and  olefine,  the  phosphonium  hydrates, 
in  consequence  of  the  strong  affinity  of  oxygen  for  phosphorus,  3rield 
oxides  of  tertiary  phosphines  and  the  respective  paraffins  : 

P(CnH^+i)4.0H  =  P(C„H^+03O  +  C„H^+^ 

Tetra-ethyl  and  tetramethyl  compounds  have  been  especially  in- 
vestigated; the  iodides  are  firet  prepared,  from  these  the  hydrates, 
P(CH3)4.0H  and  P(C,H5)4.0H,  and  many  of  their  salts.  Iodides 
containing  two  different  alcohol  radicals  have  been  prepared  among 
others : 

P(CH3),(C,H»)I 

P(C,H.),(C,H..)L 

Oxides  of  the  Phosphines. 
800.  These    oxidation    products  of   the   tetralkyl  phosphonium 

hydrates,  P:~CnH2n+i,   are  formed   directly  from    the  latter    by 

\  CnHgn+i 

OH 

direct  union  with  the  atmospheric  oxygen  or  by  action  of  nitric  add. 
The   tertiary   phosphines  yield   with    atmospheric    oxygen    the 

y^nlijn  +  i 

nearly   indifferent  oxides  PlIri'*TT*°  "*"  * ;  the  secondary  phosphines, 

by  oxidation  with  nitric  acid,  give  the  dialkylic  phosphinic  acids 

y'^nH2n+ 1 
P^i^i"    jn+i .    ^yig^;  liije  primary  phosphines  similarly  yield  mon- 


\)H 

CnH 


ilkyUc  phosphinic  adds,  P^q 

N)H 


O 
OH 
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In  the  latter  two  cases,  as  in  the  first,  the  phosphorus  atom,  hy 
uniting  with  an  oxygen  atom,  becomes  pentavalently  saturated,  but 
at  the  same  time  other  atoms  of  oxygen  place  themselves  in  between 
the  phosphorus  and  its  directly  united  hydrogen,  forming  hydroxyl 
groups.  The  alcohol  radicals,  on  the  other  hand,  are  so  firmly  united  to 
the  phosphorus  that  even  the  strongest  nitric  acid,  at  the  temperature 
of  the  water  bath,  fails  to  sepeuute  them.  Tlie  oxidation  to  phosphoric 
add  can  only  be  effected  at  a  tempei'ature  of  about  200°  by  fuming 
nitric  add,  the  alcohol  radical  being  then  totally  oxidised. 

SOI.  The  oxides  of  the  tertiary  phosphines  are  obtained  with  less 
danger  by  diRtilling  quatenary  phosphonic  hydrates  : 

P(OnH2n+i)4-OH  =  P(CnH2n+,)30  +  CnHan  +  a* 

and  by  treatment  of  tertiary  phosphines  with  moixsuric  oxide  : 
P(C„H2„+03  +  HgO  =  P(CnH2n+i)30  +  Hg, 

than  by  direct  oxidation. 

Tnmethyl  phosphine  oxidcy  P(CH3)30,  forms  readily  soluble 
dystalB,  which  deliquesce  in  damp  air. 

TriUhyl  phosphine  oxide,  P(C2^^ 5)3^1  ciystallises  in  very  deliques- 
cent  needles.  It  melts  on  beating  and  boils  at  240°  without  decom- 
podtion.  Concentrated  hydrochloiic,  hydrobromic,  and  hydiiodic 
adds  convert  it  into  triethyl  phosphine  dichloride,  ^{C^ll^)^^]^^ 
dibromide,  P(C2H5)3Br2,  and  diiodide,  P(C2H5)3l2,  crystalline  com- 
pounds which  can  also  be  obtained  by  moderated  action  of  the  halogens 
on  triethyl  phosphine. 

Triethyl  phosphine  oxide  gives,  with  strong  acids,  salts  which  are 
difficult  to  obtain  pure. 

Metallic  sodium  reduces  it  to  triethyl  phosphine. 

802.  The  sulphicles  of  the  tertiary  phosphiries,  P(CnH2n+ 1)38,  may 
be  mentioned  here.  They  are  crystalline,  and  are  obtained  from  the 
tertiary  phosphines  by  direct  addition  of  sulphur,  which  reacts  with 
considerable  evolution  of  heat. 

On  bringing  sulphur  into  contact  with  triethyl  phosphine,  it  melts 
to  a  globule,  which  floats  on  the  liquid  and  slowly  dissolves.  When 
completely  saturated  with  sulphur  the  liquid  solidifies  to  a  crystalline 
mass  of  triethyl  phosphine  sulphide,  P.(C2Hft)3S,  which  dissolves  pretty 
readily  in  boiling  water,  and  separates  on  cooling  in  l>eautiful  needles. 
It  is  readily  soluble  in  alcohol  and  ether.  It  melts  at  94°  ;  by  boiling 
with  mercuric  or  plumbic  oxide  it  is  converted  into  triethyl  phos- 
phine oxide : 

P(C,H,)3S  +  HgO  =  HgS  +  P(C,H5)gO; 

by  sodium  it  is  reduced  to  triethyl  phosphine : 

P(C2H5)3S  +  Na2  =  NaaS  -h  P(C2H5)3. 

303.  The  monobasic  dialkyl  phosphinic  acids,  P(CnH2n  +  i)0.0H, 
are  obtained  by  action  of  concentrated  nitric  acid  upon  secondary 
phosphonic  chlorides.  The  liquid  heats  spontaneously  to  boiling,  and 
evolves  chlorine  and  torrents  of  nitrous  fumes.  As  soon  as  the 
reaction  is  finished,  the  excess  of  nitric  acid  is  removed  by  repeated 
evaporation  on  the  water  bath  with  concenti-ated  hydrochloric  add, 
the  latter  being  finally  in  great  part  expelled.     The  reddue  is  then 
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dissolved  in  water  and  completely  freed  from  hydrochloric  acid  by 
shaking  with  argentic  oxide. 

To  obtain  the  free  acid,  the  silver  is  removed  from  the  filtrate  by 
means  of  hydric  sulphide,  and  after  again  filtering  the  liquid  evapo- 
rated on  the  water  bath. 

Dimethyl  phosphinic  aM,  P(CH3)20.0H,  solidifies  to  a  paraffin- 
like mass,  which  melts  at  76^  ana  can  be  volatilised  unchanged.  The 
silver  salt,  F(CH3)20.0Ag,  prepared  by  saturation  of  the  acid  with 
argentic  oxide,  is  extremely  soluble  in  water,  but  is  precipitated  by 
strong  alcohol  in  interlaced  needles.    The  baric  salt 


»(CH,),0.0>^ 


J(^^*^»XX^Ba 


and  the  analogous  plumbic  salt  dry  to  amorphous  varnishes,  which 
are  readily  soluble  in  alcohol. 

By  bringing  together  dimethyl  phosphinic  acid  and  phosphonic 
pentadbloride  there  is  formed,  according  to  the  equation  : 


•OH3  /CH3 

PCl5  +  P~Q^»  =  POCI3 -f  HCl  +  P=Q^^ 
\)H  N)l 

dimethyl  oxyphosphine  chloride,  which  distils  at  204°  and  sohdifies 
in  crystals  on  cooling.  It  melts  at  66°  and  is  reconverted  by  water 
into  the  acid : 

P(CH3)jO.Cl  +  HOH  =  HCl  +  P(CH3)aO.OH. 

Diethyl  phosphinic  add,  P(02H5)aO.OH,  is  left  on  evaporation  as 
a  strongly  acid  liquid.  The  argentic  salt  is  also  precipitated  by 
alcohol  from  its  aqueous  solutions  in  needles. 

304.  The  dibasic  monalkyl  phosphinic  acids : 

P(C„H,„+,)0(OH)„ 

result  from  passing  the  vapours  of  primary  phosphines  into  strong 
nitric  acid  : 


pZn     *"*'*  4.  6HO.N08  =  3Nj04  +  3HaO  -h  P^q^ 


"^  \)H 


When  the  violent  oxidation  has  ceased,  the  liquid  is  evaporated 
several  times  on  the  water  bath,  so  as  to  expel  neai-ly  all  the  nitric 
acid ;  the  aqueous  solution  then  boiled  with  plumbic  oxide,  plumbic 
nitrate    remaining    dissolved,   whilst    insoluble    plumbic  monalkyl 

phorohinate,   P^yy  »  *"^^  ^°^®  plumbic  phosphate  separate. 

\^Pb 

The  residue,  after  washing  with  water,  is  heated  with  acetic  acid,  which 
leaves  the  plumbic  phosphate  undissolved  and  converts  the  neutral 
monalkyl  phosphinate  into  the  soluble  acid  salt : 
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'OaHgn+i 


2P^9  +  2HO.CaH30  =  Pb(O.CjH30)8 

\g>Pb 

.  p^O  p/o 

■^  ^OH  \  OH 

^O—Pb—    -« 

The  filtrate  is  decomposed  by  sulphuretted  hydrogen,  and  after 
separation  of  the  plumbic  sulphide  the  liquid  evaporated  until  all 
acetic  add  has  been  expelled. 

Methyl  phosphinic  acid,  P(CH3)0(OH)2,  forms  spermaceti-like 
crystals,  which  melt  at  105^,  partially  volatilise  unchanged,  and  are 
readily  soluble  in  water  and  alcohol.  The  solutions  react  strongly 
add.  If  the  add  in  presence  of  water  be  digested  with  carbonates, 
the  soluble  add  salts  are  formed ;  by  boiling  with  metallic  oxides  or 
by  strongly  basic  hydrates  they  are  converted  into  neutral  salts  of 
alkaline  reaction. 

The  salts  of  the  alkalies  are  all  difficultly  crystallisable. 

The  add  baric  salt  ^^CofP  GH^  O  Oh{  ^^  ^  *  gummy  mass. 

If  a  pretty  concentrated  solution  of  the  salt  be  boiled  with  plumbic 
carbonate,  and  filtered  hot,  there  separates  on  cooling  the  add  lead 

salt  ^P'^O^/p Vixt'  o  OH)  ^  brilliant  colourless  needles,  which  by 

washing  with  pure  water  are  resolved  into  the  free  acid  and  the  in- 
soluble, amorphous,  neutral  salt : 

^Pb  =  P(CH3).0.(0H)j  +  P.CH3.0<^Pb. 
P.CH3.0(gg) 

The  add  silver  salt,P(CH3).0(  q^    j,  which  is  readily  soluble  in 

water  in  presence  of  a  little  free  acid,  and  which  crystallises  in  beau- 
tiful needles,  behaves  similarly  with  water,  being  decomposed  with 
separation  of  the  amorphous  insoluble  neutral  silver  salt  : 

P(CH3)0(OAg)2. 

Phosphoric  pentachloride  converts  methyl  phosphinic  add  into 
the  dichloride  of  the  radical  P(CH3)0  : 

•OH3  /CH3 

^OH    +  ^^^^'  =  ^^^^^»  +  ^^^^^  +  ^Cl 
\)H  N^l 

This  methyl  phosphinic  dichloride  forms  dazzling  white  crystals,  which 
melt  at  32°  and  boil  at  163°.  Water  reconverts  it  with  explosive 
violence  into  the  acid  : 

P(CH3)0Cla  -f  2HjO  =  2HC1  -f  2P(0H,)0(0H)^ 


R=Ca 
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Etk^  phc*phimc  aeidy  pfcpared  from  ethji  phosphine  by  the  nine 
method  at  the  pveeedin^  reaembicfl  ?^permaoeti  at  ordinary  tempera- 
tures, melts  at  44%  and  thoagh  difEcnlt  to  mMsten  with  water  is 
lately  aoloUe  therein.  Its  aahs  correspond  to  those  of  methjl  phos* 
phmieacid. 

Other  Pho9pkoru9  Ccmjwunds  cfihe  Alcohol  RotiieaU. 

306,  By  action  of  methylic  chloride  on  phosphide  of  calcinm  at 
high  temperatores,  diphosphor  tetramethyl  or  phosphor  cacodvl  (com- 
pare cacodyl,  §  318),  V^Q^^^^  is  obCdaned  as  a  thick  ofly  liquid, 
whidi  boils  at  250"^  and  JnflamiPH  when  erpoaeA.  to  air.  Its  formation 
is  analogous  to  that  of  liipiid  phoq>horetted  hydrogen,  ^^v  ^luch  it 
oorresponds  to : 

P=Ca  P=(CH3), 

+  4CH,a  =  2CaCl,  +     I 

As  liquid  phosphoretted  hydrogen  on  contact  with  hydrochloric 
acid  decomposes  into  the  solid  and  gaseous 

5P,H4  =  6CH,  +  P4H^ 

so  similarly  the  methyl  compound  decomposes  into  trimethyl  phos- 
phonic  chloride  and  tetra-phosphor-dimethyl : 

5P,(CH,)4  +  6HC1  =  6P(CH3)3Ha  +  P4(CH,)^ 

The  latter  is  an  amorphous,  odouiiesB,  and  tasteless  yeUow  body. 

AxBEXic  €k>MPOinn)6  of  the  Radicals. 

306.  The  compounds  of  arsenic  with  the  alcohol  radicals  show 
some  similarities  to  the  nitrogen  compounds.  The  quaternary  arsonic 
salts  derived  from  the  strongly  basic  tetralkyl  arsonic  hydrates, 
As(Ci,H^^i)4.0H,  agree  completely  in  chemical  character  with  the 
corresponding  ammonic  compounds. 

The  tertiary  arsines  are  also  known;  they  are  destitute  of  the 
distinctly  basic  properties  which  the  tertiary  phosphines  possess,  but, 
like  these  latter,  they  unite  with  one  atom  of  oxygen  or  sulphur  or 
two  halogen  atoms. 

Compounds  corresponding  to  the  primary  and  secondary  amines 
and  phosphines  are  entirely  wanting  in  the  arsenic  compounds,  but 
compounds  of  one  atom  of  arsenic  united  with  two  alcohol  radicals 
form  the  mono-  or  trivalent  radical  of  the  so-called  cacodyl  derivatiyes, 
where  they  are  in  union  with  negative  elements  : 

As(CaHj„+,)aCa  and  As(C„H j„ +  1)2^13- 

In  similar  manner  one  alcohol  radical  united  to  arsenic  appears  as  a 
diyalent  or  quadravalent  radical : 

As(0„H^+,)Cl,  and  As(C„H^  +  ,)Cl4. 

307.  The  compounds  in  which  arsenic  is  triad,  such  as 

A8(C„H»+i)3,  As(C„H2„  +  ,)2Cl,  and  As(C„Hjn+,)C^2» 
are  mostly  volatile  without  decomposition;  those  in  which  it  ia 
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pentad,  midi  sb  As(C„H^  + ,  ),C1,  Afi(C„H^ + O3CI  „  A8(C„H  ,„  ^ ,  ),Cl3, 
and  A^CaHsn+iK-'lif  docompoee  at  more  or  less  high  iemitenxim-e, 
losing  one  halogen  atom  and  one  alcohol  radical.  This  decomposition 
oocnn  cq)ecially  readily  with  the  halogen  compounds,  and  the  tern- 
pemtore  of  deoompoeitioo  Is  the  lower  the  fewer  alcohol  radicals  and 
the  more  halogen  atoma  the  molecule  contains.  The  alkyl  arsenic 
compoouda  can  Uierefore,  by  a  series  of  manipulations,  be  converterl 
into  triTaknt  inorganic  arsenic  compounds.  Such  a  seri^  of  changes 
ia  the  following  : 

Aa(C«Htt+,)4Ca  by  heating  =  Ab(C„H»  +  ,)3  +  C„H2„+,C1 
Aa(C||H2B^.i)3  +  CI  2  at  ord-  temperatures  =  As(CnH,n+ 1)3^12 
Aa(C„H,„+  OaCl,  by  heating  =  As(C„H2„  +  ,)jCl  +  CnH2a+  ,C1 
As(CnHja+  |),C1  H-  CI2  in  the  cold  =  AK(CnH2n+ 1)2^13 
Aa(CnH,„+,)2Cl,  at  40^-50°  =  Ah(C„H2„+,)C12  +  C„Hj„+,a 
A8(CxiHsn+i)Cls  +  CI2  in  a  freezing  mixture  =  A8(CnH2n  +  i)Cl4 
Ab(C„H,o+  |)Cl4  even  at  0*»  =  ASCI3  +  C„TJ2n+  ,C1. 

All  alkyl  arsenic  compounds — e«pecially  the  volatile  ones — are 
in  the  highest  degree  poif^noa*^,  so  that  their  preparation  and  in- 
vestigation leqnire  extraordinary  precautions. 

Quaternary  Arsonium  Compound 9, 

306.  By  heating  alkylic  iodides  with  sodic  or  zincic  arsenide  in 
apparatus  filled  with  dry  carbonic  anhydride  violent  reaction  occurs, 
by  which  partly  caoody Is,  As20'nW2n  +  i)4>  but  in  larger  proportion 
tertiary  andnes,  A8(CnH2n  + 1)39  ^i'^  formed.  If  the  alkylic  iodide  be 
employed  in  excess  it  forms  crystalline  quaternary  arsonic  iodides, 
according  to  the  equation  : 

AaNa,  +  4C„H2n-.  il  =  3XaI  +  As(r„n2n  +  ,)|T. 

These  latter  are  only  wepai-ated  from  the  so<lic  irxlid*;  with  difficulty ; 
it  is  more  usual,  therefore,  to  avoid  fxcess  of  th*?  iwlide,  and  to  purify 
the  more  volatile  tertiary  arsine  fr^^m  the  caaxlyl  by  fmctional  distil- 
lation. It  is  then  mixed  with  the  alkylic  ioilide,  and  soon  yields  at 
ordinary  temperature  the  arsonic  i^xlide  : 

AE(CnH2n+i)3  +  ^-'nHjn+iI  =  A5i(CnH2n  + 1)4!, 

fix>m  which,  by  shaking  it*?  a/|ueous  s<jlation  with  freshly  precipitate<l 
argentic  oxide,  the  quatemar}-  ars^jnic  hydrate  i^  obtained : 

As(C„H2n+,)4l  +  AgOH  =  Agl  -f  Ab(C„H2„^,),0H. 

Mixed  quaternary  arsonic  iodides  can  Ije  obtained  from  tertiarv 
arsines  and  the  iodide  of  another  alcohol  radical : 

As(C„H2„+,),  -h  CVH2„.^,I  =  A»(CnH2„^,)3(CVH2„.+  i)I; 
a  further  group  by  heating  the  caoodyls  with  tlie  iodides  of  other 
alcohol  radicals : 

As2(CnH2n+,)4  +  W:^^^^x)l  =  Aa(C„H,„  +  ,)2l 
+  A.i(C„H,«^,;2(CnH2a.+  ,;2l. 
The  quaternary  anionic  hydrates  are  crystallijable,  verr  eaalr 
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soluble  compounds,  which  react  strongly  alkaline,  precipitate  metaUic 
hydrates  from  their  salts,  liberate  ammonia  from  ammonic  salts, 
absorb  carbonic  anhydride  from  the  air,  and  unite  with  acids  to  form 
salts.  The  latter  are  easily  prepared  by  the  decomposition  of  the 
iodides  with  soluble  silver  salts. 

309.  Tetramethyl  araonie  iodide,  Ae(CH3)4I,  forms  colour- 
less shining  plates  or  prisms,  whose  hot  saturated  aqueous  solution 
dissolves  much  iodine,  and  on  cooling  yields  brown  metallic-looking 
needles  of  tetra/methyl  araonie  periodidej  As(CH3)4l3.  Ck>mbined 
with  arsenious  iodide,  tetramethyl  arsonic  iodide  is  ob^ined  by  heat- 
ing powdered  arsenic  with  twice  its.  weight  of  methylic  iodide  in 
sealed  tubes  at  160**-175*  : 

Asa  +  iCHjI  =  As(CH3)4l,Asl3. 

The  compound  ci^stallised  from  hot  water  forms  orange  yellow 
tables,  which  with  solution  of  potassic  hydrate  give  tetramethyl 
arsonic  iodide,  potassic  iodide,  and  potassic  arsenite,  or  by  distillation 
with  solid  potassic  hydrate  gives  off  trimethyl  arsine. 

/CH, 
Tetramethyl  arsonic  hydrate,  As(CH,)4.0H  =  Afl>s--CH3,    crys- 


CH3 

tallises  in  deliquescent,  strongly  alkaline  tables.     Its  salts  are  very 
hygroscopic. 

310.  By  action  of  tetramethyl  arsonic  iodide  upon  zinc  methyl  in 
an  atmosphere  of  carbonic  anhydride,  arsenic  pentamethylide, 
As(CH3)5,  is  obtained  as  a  difficultly  volatile  Hquid  : 

2As(CH3)4l  -f  Zn(CH3)2  =  Znlj  -f  2As(CH3)5. 

311.  Tetreihyl  arsonic  iodide,  As(C2H5)4l,  crystallises  in  colour- 
less needles,  readily  soluble  in  alcohol  and  water,  insoluble  in  ether, 
and  gives  with  iodine  and  arsenious  iodide  compounds  exactly  analo- 
gous to  those  of  tetramethyl  arsonic  iodide.  Tetrethyl  arsonic  hydrate 
is  a  deliquescent,  strongly  alkaline  white  mass,  which  gives  with  hy- 
drochloric acid  the  deliquescent  crystalline  tetrethyl  arsonic  chloride 
As(C2H5)4Cl,4H20.  If  the  solution  of  the  latter  be  mixed  with 
platinic  chloride,  orange  red  crystals  slowly  separate,  difficultly  soluble 
in  cold  water,  of  the  double  salt  [As(C2H5)4Cl]aPtCl4. 

312.  The  best  known  mixed  arsonic  derivatives  are  those  of 
dimethyl-diethyl  arsonitim :  the  iodide,  As(CH3)2(C2H5)2l ;  the 
chloride,  which  crystallises  in  long  needles ;  the  platinoKchloride, 
[As(CH3) 2(02115) 2Cl]2PtCl4,  in  orange  red  prisms;  the  nitrate, 
As(CH3)2(G2H5)2.0.]Sf02,  in  deliquescent  granules;  and  the  sul- 
phate, [Ai(CH,) 2(02X15) 2]2S04,  in  readily  soluble  octahedra. 

Tertiary  Arsines,  A8(CnH2n  +  i)3. 

313.  The  preparation  of  tertiary  arsines  from  sodic  arsenide  and 
alcoholic  iodides  has  been  already  given  (§  308),  ss  also  their  forma- 
tion by  the  dry  distillation  of  quaternary  arsonic  compounds,  more 
particularly  in  the  presence  of  solid  alkaline  hydrates.     The  tertiary 


TERllAKY  AIWINES,  219 

Araines  known  are  distillable  liquids  insoluble  in  water  and  of  most 
unpleasant  odour.  They  eagerly  absorb  oxygen  from  the  air,  with 
considerable  evolution  of  heat.  They  also  unite  with  siilphur  and 
the  halogens,  in  the  last  case  always  with  two  atoms. 

814.  Trimethyl  arsine,  AB(Ctl^)^y  is  a  colourless  mobile  liquid, 
boiling  below  100^.  Trimethyl  arsine  oxide,  As(CH3)30,  resulting 
on  ezpoBore  to  air  according  to  the  equation  : 

fixnns  beautiful  crystals,  which  are  very  deliquescent.  The  sulphide, 
A8(CH3)3S,  and  the  halogen  compounds,  As(CH3)3l2,  A8(CH3)3Br, 
and  A8(CH3)3Cl2,  are  crystalline  hygi-oscopic  bodies. 

316.  Triethyl  arsine,  As(C2H5)3,  is  also  a  colourless  liquid,  not 
miscible  with  water.  At  140°  it  liegins  to  distil,  with  slight  decom- 
position and  separation  of  metallic  arsenic.  It  fumes  in  the  air 
without  taking  fire,  and  is  converted  into  triethyl  arsine  oxide, 
A8(CsH,i()30,  a  heavy,  unpleasant-smelling  yellowish  oil. 

If  an  ethereal  solution  of  triethyl  arsine  be  l)oiled  with  flowers  of 
sulphur,  and  the  ether  evaix>rated  fi*om  the  filtered  liquid,  triethyl 
arsine  sulphide,  As(C2H5)3S,  crystallises  in  fine  odourless  prisms, 
soluble  in  water,  alcohol,  and  ether,  and  melting  at  slightly  aboye 
100^ 

By  addition  of  an  ethereal  solution  of  iodine  to  one  of  triethyl 
arsine,  triethyl  arsine  diiodide,  A8(C2H5)3l2,  separates  as  a  sulphur 
yellow  flocculent  precipitate,  readily  soluble  in  alcohol  and  ether  and 
deliquescing  in  air  to  a  dark  syrup.  Triethyl  araine  dibromide, 
As(G2H5)3Br2,  prepared  similarly  to  the  iodide,  forms  a  pale  yellow 
crystalline  mass,  which  is  soluble  in  ether  and  is  very  deliquescent. 

DinlkyUiraenic  Compoumh. 

316.  The  compounds  of  arsenic  with  two  alcohol  radicals  do  not 
occur  isolated,  but  in  molecules  containing  two  such  groups  united 
together  by  the  third  valence  of  the  arsenic  : 

I  ^n  "  2n  +  1 

^g^^'nH2n+l 

^-'nll2n+l 

These  bodies,  corresjwnding  to  diphosphor  tetramethyl  (§  305),  are 
known  as  cacodyls  (from  KaKvr,  bad,  and  ocilr,  to  smell).  On  exposure 
to  ail'  they  oxidise  with  gi-eat  energy,  and  inflame  in  consequence  of 
the  increase  of  temperature  so  caused.  If  the  action  of  the  atmo- 
spheric oxygen  be  moderated  the  cacodyl  oxides  are  obtained : 


<CnH  2n  +  1  '^®Sn°TT 

,        >|i2n  +  l      +02=2      >0 
^<C11     ^'  /     nn 


As 
2 


Sn-hl 


220      DERIVATIVES  OF  THE  ALCOHOL  HADICALS,  CnHjn+i. 

from  which,  by  action  of  the  hydro-acids,  the  corresponding  halogen 
compounds  can  be  prepared  : 


/CnHjn^I 


As^CnH2n  +  1  y^n^Tn  +  \ 

)0  +  2HC1  =  H  jO  +  2  As^CnHan  + , 

As^CnHan  +  i  ^Cl 


These  latter  by  action  of  zinc  filings  are  reconverted  into  caoodyl : 

CnH^n+i  +  Zn  =  ZnCla  +     I   ^^Hj°  +  I 

The  halogen  compounds  can  also  be  prepared  by  the  direct  action 
of  the  free  haJogens  on  the  cacodyls: 

[As(C„H2n+,)2]2  +  la  =  2As(CnH2„  +  ,)2l- 
When  brought  into  contact  with  sulphur  they  are  converted  directly 
into  sulphides  of  analogous  composition  to  the  oxides. 

317.  In  addition  to  the  above  compounds  which  contain  the  arsenic 
in  the  trivalent  state,  cacodylic  compounds  are  also  known  in  which 
the  arsenic  is  pentavalent,  and  which  are  obtained  from  the  preceding 
by  direct  addition  of  negative  elements.  For  instance,  the  haloid 
compounds  unite  at  ordinary  temperatures  with  two  more  halogen 
atoms  : 

CnH2n  +  i 
^■n^2n+l     +    1.1,  =  AS^Cl 
CI  VCl 

CI 

The  oxides  reduce  the  oxygen  compounds  of  the  noble  metals  when 
suspended  in  water,  being  converted  into  monobasic  acids,  cacodylic 
avoids,  which  correspond  in  composition  to  the  monobasic  phosphinic 
acids  (§  303)  : 

tLaZ-C  TT  /^n"2n+i 

yo  +  HjO  +  2HgO  =  2Hg  +  2As^Q°^2n+i 

W^^an  +  i 

318.  The  dimethyl  arsenic  compounds  are  best  known. 
JDiarsentetramethylf  methyl  cacodyl,  or  shortly  cacodyl : 

As(CH3)2 
As2(CH8),=    I 

As(CH3)2 

is  formed  in  small  quantity,  together  with  trimethyl-arsine,  by  the 
action  of  methylic  iodide  upon  sodic  arsenide,  and  can  be  separated 
therefrom  by  fractional  distillation. 

It  is  more  usual  to  prepare  it  by  the  action  of  metals,  especially  of 
zinc,  upon  cacodylic  chloride. 

Cacodylic  chloride  is  placed,  together  with  zinc  turnings,  into 
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TBoels  filled  with  carbonic  anhydride,  and  heated  gently  on  the  water 
bath  until  the  reaction  is  completed  : 

Afi(CH3)a 
2Afl(CH,)aCl  +  Zn  =  ZnClj  +     | 

A8(CH,), 

After  cooling  the  zincic  chloride  is  dissolved  by  addition  of  water, 
whUat  the  free  cacodyl  collects  at  the  bottom  as  a  heavy  oily  layer ; 
this  is  separated  medianically  from  the  zincic  chloride  solution,  dried 
by  means  of  calcic  chl6ride,  and  obtained  pure  by  distillation  in  an 
atmoephere  of  carbonic  anhydride. 

Cacodyl  so  obtained  is  a  clear,  colourless,  strongly  refractive  liquid, 
which  boils  at  about  170°  and  solidifies  to  an  ice-like  mass  at  —  6°. 
On  coming  into  contact  with  atmospheiic  air  it  inflames  and  bums 
with  a  livid  flame : 

2As2(CH3)4  4-  ITOa  =  2AS2O3  +  8C0a  +  12HjO. 

By  heating  to  300^-400°  it  decomposes  completely  into  metallic 
arsenic  and  a  mixtui'e  of  methane  and  ethylene. 

Asj(CH3)4  =  2CH4  +  CaH4  +  Asa- 
819.  Dimethyl-araen  oxide,  or  cacodylic  oxide : 

A8,(CH,),0  =  0<^«JgH3), 

In  an  impure  state  this  body  (formerly  called  cUkarsin)  is  obtained  by 
the  distillation  of  potasnic  acetate  with  arsenious  oxide : 

CH3  As(CH3)a 

\ 
+  Asa03  =0  +  2K2CO3  +  200,. 

OK  AB(CH3)a 

The  liquid  which  comes  over,  on  account  of  its  poisonous  nature 
and  ready  inflammability,  must  be  collected  in  well-cooled  and  care- 
fully closed  vessels  under  water,  and  later,  after  mechanical  separation 
of  the  water,  be  distilled  from  baric  oxide  in  vessels  filled  with  dry 
carbonic  anhydride.  Obtained  anhydi-ous  in  this  way,  cacodylic 
oxide  forms  a  colourless,  strongly  refractive  liquid,  of  fearful  odour, 
whose  vapour  causes  nausea  and  vomiting.  Its  sp.  gr.  is  1*462;  it 
solidifies  at  —25°  to  silky  scaly  crj'stals  ;  its  boiling  point  is  150°.  It 
is  insoluble  in  water,  but  miscible  with  alcohol  and  ether.  The 
property  of  spontaneous  inflammability  in  air  of  this  preparation  is 
due  to  a  small  admixture  of  cacodyl.  When  mixed  with  a  little  water, 
purified  alkarsin  slowly  absorbs  oxygen  from  the  air,  and  is  convei*ted 
into  a  syrupy  solution  of  cacodylic  cacodylate  : 

Asa(CH3)40a  =  A^^^' 

^O— As<gg3 

which  on  distillation  is  decomposed  into  pure  cacodylic  oxide,  which 
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passes  over  with  the  aqueous  vapour,  and  cacodylic  acid,  which  re- 
mains behind : 

2As2(CH3)402  +  HjO  =  2A8(CH3)20.0H  +  As2(CH3)40. 

Cacodylic  oxide  so  prepared  has  all  the  properties  of  purified 
alkarsin,  except  that  it  is  not  spontaneously  inflammable  on  exposure 
to  air ;  it  oxidises,  however,  slowly  first  to  cacodylic  cacodylate  and 
finally  to  cacodylic  acid. 

Cacodylic  oxide  combines  with  mineral  acids,  forming  salts  which 
are  mostly  diflScultly  cryBtallisable.  Of  these  cacodylic  sulphate  is 
most  easily  prepared,  by  solution  of  cacodylic  oxide  in  warm  dilute 
sulphuric  acid.    On  cooling  the  liquid  fine  needles  of 

separate. 

A  dilute  alcoholic  solution  of  cacodylic  oxide  is  precipitated  by 
alcoholic  mercuric  chloride  ajs  a  volimiinous  white  precipitate.  This 
contains  calomel,  but  also  a  compound  of  the  formula 

As2(CH3)40,2HgCl2, 
probably 

which  is  soluble  in  hot  water  and  crystallises  in  nacreous  scales  or 
rhombic  tables. 

320.  Monohaloid  Compounds  ofCacodyL — Dimethyl-ar sen  chloride , 
or  cacodylic  chloride,  As(CH3)2Cl,  is  obtained  by  passing  dry  hydro- 
chloric acid  gas  into  crude  cacodylic  oxide,  and  subsequently  rectifying 
the  product  over  calcic  chloride  and  magnesia.  It  is  obtained  purer 
by  dOstillation  of  the  above-mentioned  cacodylic  oxide-mercuri-chloride 
with  hydrochloric  acid.  It  is  a  colourless  liquid  of  stupefying  odour. 
The  boiling  point  is  about  100°. 

Platinic  chloride  gives  with  a  hydrochloric  solution  of  cacodylic 
chloride  a  red  insoluble  pulverulent  pi-ecipitate  of 

[As(CH3)2Cl]a,PtCl4. 

Dimethylrarsen  bromide^  or  cacodylic  bromide,  Aj5(CH3)2Br,  is 
obtained  from  cacodylic  oxide-mercuri-chloride,  by  distillation  with 
concentrated  hydrobromic  acid,  as  a  liquid  resembling  the  chloride. 

Dimethyl-arsen  iodide,  cacodylic  iodide,  obtained  from  alkarsin  by 
distillation  with  concentrated  hydriodic  acid,  and  purified  by  distilla- 
tion from  quick-lime  and  from  calcic  chloride,  is  a  yellowish  liquid, 
boiling  much  above  100°. 

By  action  of  water  upon  the  monohaloid  derivatives  of  cacodyl 
one  quarter  of  the  halogen  is  withdrawn,  and  the  so-called  cacodylic 
oxyhaloids  are  formed,  of  which  A88(CH3)i6Cl60  and  As8(CIl3)i6BreO 
are  liquids  fuming  on  exposure  to  air,  whilst  As8(^H;3),gl60  is  a 
yellow  crystalline  mass.     AU  three  can  be  distilled  apparently  un- 


CACODYLIC  COMPOUNDS.  223 

dunged,  but  in  reality  are  decomposed  into  cacodylic  oxide  and 
haloid,  which  recombine  on  cooling. 

321.  Cacodylic  cyanide^  A8rCH3)2.CN,  crystallises  in  large 
priams  of  diamond  lustre,  of  melting  |)oint  37°  and  lK>iIing  point 
140^.  This  extremely  poisonous  Ixxly  is  obtiiined  by  distillation  of 
alkarsin  with  concentrated  hydi'ocyanic  acid  or  of  cacodylic  chlonde 
with  mercuric  cyanide. 

382.  Dimethyl-arsen  trichloride,  cacodi/lic  trichloriJcy  As(CH3)2Cl3, 
resultB  fix)m-  the  action  of  chlorine  gas  upon  cacodylic  chloride,  the 
hitter  being  previously  diluted  with  carbonic  disulphido  in  order  to 
moderate  the  violence  of  the  reaction.  The  trichloride  separates 
partially  in  crystalline  plates.  Another  method  of  preparation  con- 
sists in  the  action  of  phosphoric  chloride  on  cacodylic  acid,  placed 
under  anhydrous  ether: 

Afl(CH3)20.0H  +  2PCI5  =  As(CH3)aCl3  +  HCl  +  2POCI3. 

It  is  dissolved  by  ether  or  carbonic  disulphido,  and  crystallises  on 
evaporation  of  these  solutions  in  clear  plates.  It  decomposes  at 
40''-60**  into  arsen-monomethyl  dichloride  and  methylic  chloride : 

As(CH3)jCl3  =  As(CH3)Cla  +  CH3CI. 

By  water  it  is  readily  converted  into  cacodylic  chloro-dihydrate 
(§  324). 

823.  Cacodylic  add,  dimethyl  arsinic  acid : 

/CH3 

A8{CH3)aO.OH  =  As£^^« 

Cacodylic  acid  is  usually  prepared  by  means  of  cacodylic  oxide  and 
mercuric  oxide.  For  this  purpose  alkarsin  is  added  to  sevei*al  times 
its  volume  of  water,  and  mercuric  oxide  slowly  added  with  gentle 
shaking  until  the  odour  of  alkarsin  has  completely  disappeared  : 

[As(CH3)2]20  +  2HgO  +  H2O  =  2Hg  +  2Ab(CII3)2.0.0H. 

The  liquid  poured  off  the  reduced  mercury  contains  cacodylic  acid 
and  some  mercuric  cacodylate,  for  whose  complete  decomposition  a 
small  quantity  more  alkarsin  is  added.  By  evaporation  of  the  cleai* 
solution  cacodylic  acid  is  obtained  in  large  colourless  piiams,  which 
melt  at  200°,  with  partial  decomposition.  It  is  i-eadily  soluble  in 
water,  difficultly  in  alcohol,  insoluble  in  ether.  The  solution  reacts 
and  tastes  decidedly  acid.  By  leducing  agents  it  is  reconverted  into 
cacodylic  oxide.  Oxidising  agents,  even  fuming  nitric  acid,  ai*e  without 
action  on  it. 

It  reacts  on  metallic  oxides  and  carbonates,  foiming  crystalline 
salts,  caco<lylates,  soluble  in  water.  Potasaic  cacodylate  forma  con- 
centricly  gi*ouped  needles,  which  quickly  deliquesce  in  moist  air; 
argentic  ca<iodyla(ey  As(OH3).20.0Ag,  ciystallises  in  delicate  colourless 
ne<.'dles,  which  blacken  on  exposure  to  light ;  cacodylic  cacodylate  has 
been  already  mentioned  (§  319). 

324.  Cacodylic  chloro-di/iydrdte,  or  cacodylic  add  hydrocfdoridcj  is 
obtained  from  cacodylic  trichloride  by  action  of  water,  or  more  readily 
by  dissolving  cacodylic  acid  in  concentrated  hydrochloric  acid  and 
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evaporation  of  the  liquid  in  vacuo.  It  separates  in  deliquescent, 
acid-reacting  leafy  crystals,  of  the  formula  As(CH3)sOaH2CL  Its 
formation  is  expressed  by  the  following  equations : 

CH3  /CH3 

^gw-Cl       +  2H0H  =  2IIC1  +  AsCfOH 


VCl  VOH 

XJi  ^Cl 


and 


CH, 


Ab=^*  +HC1  =  A8!^0h' 

826.  Sulphides  of  Cctcodyl, — Two  compounds  of  cacodyl  with 
sulphur  are  known. 

Cacodylic  stdphide,  [As(CH3)2]2S,  corresponds  in  composition  to 
caoodylic  oxide.  It  is  obtained  by  distillation  of  cacodylic  chloride 
with  baric  sulphide : 

CH 
2A8^H:  +  BaS  =  BaCl,  +  K^gg^j^ 

as  a  colourless,  heavy,  oily  liquid,  which  mixes  with  alcohol  and  ether. 
Its  odour  is  penetrating  and  resembles  both  alkarsin  and  mercaptan. 
The  boiling  point  is  above  100**.  With  hydrochloric  acid  it  gives 
caoodylic  chloride  and  hydric  sulphide. 

Cacodylic  persulphide,  cacodylic  stUpho^acodylate  : 

[A8(CH3)j],Si,  =  Asi^^' 

\S Afi<g|| 

corresponding  to  cacodylic  caoodylate,  is  formed  from  the  preceding  by 
direct  addition  of  sulphur,  as  also  horn  cacodyl.  It  crystallises  in 
colourless  rhombic  tables,  which  are  I'eadily  soluble  in  alcohol,  diffi- 
cultly in  water,  and  insoluble  in  ether,  and  which  melt  at  50°.  If  an 
alcoholic  solution  be  mixed  with  alcoholic  plumbic  acetate,  insoluble 
plumbic  sulpho-cacodylate  separates  in  colourless  nacreous  scales, 
whilst  the  solution  contains  cacodylic  acetate  : 

2[As(CH3)2S.S.As(CH3)j]  +  Pb(0.CaH80)a 
=    MCH3i:s:i>^^  +  2As(CH3)..O.C,H30. 

Other  salts  of  sulpho-cacodylic  acid  have  also  been  prepared,  but  all 
attempts  to  separate  the  free  add,  As(CH3)2S.SH,  have  so  &r  been 
unsuccessful. 

326.  Several  of  the  diethyUa/raen  compounds  or  ethyl-cacodyl 
derivatives  have  been  prepared.  They  correspond  in  method  of  pre- 
paration and  properties  to  the  methyl  bodies.  The  starting  point  is 
dicMTseiv-tetrethyl,  As2(CaH5)4,  or  ethyl  cacodyl^  which  results,  together 
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vith  tiieihyl  araine,  fix)m  the  action  of  ethylic  iodide  upon  sodio 
anenidey  and  on  fractional  distillation  of  the  product  passes  over  last. 
It  18  a  yeUowiah,  heavy  liquid,  boiling  between  185^  and  195°,  of  garlic 
odoury  and  is  spontaneously  inflammable  in  air.  It  unites  directly 
with  oo^gen,  sulphur,  and  the  halogens.  By  addition  of  iodine,  e.g. 
dieihyl-arwen  iodide,  Aa(C2Si)2^  is  obtained  as  a  yellowish  oil  insolu- 
ble in  water. 

On  allowing  a  dilute  alcoholic  solution  of  ethyl  cacodyl  to  remain 
fer  a  long  tame  exposed  to  the  air,  it  is  slowly  converted  into  diethyl 
aname  aoid,  As(C2H5)20.0H.  On  evaporation  it  is  obtained  in 
strongly  add  crystals,  which  deliquesce  in  moist  air. 

Arsen-monomethyl  Compotmds. 

827.  Of  the  monalkyl-arsen  derivatives  only  those  of  methyl  have 
been  obtained  in  a  state  of  purity  and  investigated.  If  cacodylic 
trichloride  be  submitted  to  distillation  (§  322)  it  evolves  methylic 
chloride  gas;  and  arsen-methyl  dichloride,  As(CH3)Cl2,  condenses  in 
the  receiver  as  a  heavy,  colourless,  strongly  refractive  liquid,  which 
boils  at  133°  and  is  pretty  soluble  in  water.  Its  vapour  attacks  the 
mncous  membrane  violently.  It  is  also  formed  by  the  distillation  of 
cacodylic  add  in  an  atmosphere  of  hydrochloric  acid  : 

Ai^^>+  3HC1  =As^Cl     +  CHjCa  +  2HaO. 


N)H 


^01 


On  passing  chlorine  into  arsen-methyl  dichloride,  mixed  with 
carbonic  disulphide  and  cooled  to  —10°,  there  separates 

Arsen-methyl  tetrachloride,  As(CH3)Cl4,  in  large  crystals,  which 
decompose  at  0°  into  arsenious  tridiloride  and  methylic  chloride  : 

rCHs 

'CI  XII 

As^Cl     =  CH3CI  +  As^l 

^Cl  XJl 

828.  If  arsen-methyl  dichloride  be  mixed  with  water  and  sodic 

carbonate,  there  is  formed 

CH 
Araev^-methyl  oxide,  ^^o    ^'  according  to  the  equation : 

As(CH3)Cla  -f  NagCGa  =  2NaCl  +  COa  +  As(CH3)0. 

After  evaporation  of  the  water  it  is  extracted  from  the  residue  by 
absolute  alcohol,  and  is  obtained  by  evaporation  of  the  filtered  liquid 
in  short  prisms,  of  indifferent  reaction,  little  soluble  in  cold  water 
and  of  95°  melting  point.  It  is  also  formed  on  distilling  arsen- 
dimethyl  chloro-dihydrate,  or  cacodylic  acid  hydrochloride : 

As^l  *  =  CH3CI  -f  HjO  -f  As<^^> 

*0H 

9 
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In  the  preeenoe  of  aqaeotu  vapour  it  volatilises.  £7  the  haloid 
acid«  and  by  sulphuretted  hydrogen  it  is  converted  respectively  into 
the  haloid  compounds  and  the  sulphides. 

AnenrTnethi/l  diiodidef  As(CH3)l2,  crystallises  in  long  brilliant 
yellow  needles,  which  melt  at  20°  and  distil  unaltered  at  above  200°. 

Arien-methi/l  etUphide,  A8(CH3)S,  forms  brilliant  leaves  or  prisms, 
which  melt  at  110°. 

829.  On  treating  a  mixture  of  arsen-methyl  oxide  and  water  with 
mercuric  oxide,  mercury  scjiai'ateK,  and  the  solution  contains  the 
mercuric  salt  of 

yCHa 

Methyl  aninic  ctcid,   ^—OH  '     '^^^  dibasic  add,  oorrespond- 

ing  to  methyl  phosphinic  acid  (§  304),  is  usually  obtained  in  the 
f^  state  by  addition  of  the  requisite  quantity  of  sulphuric  acid  to 
the  baric  salt.  By  evaporation  of  its  aqueous  solution  it  is  obtained 
in  largo  spearnshaped  laminte,  composed  of  small  dendritic  needles  of 

agreeable  acid  taste.  Baric  methyl  arsmate,  As(CH3)0<[jY>Ba,  is  ob- 
tained from  the  mercuric  salt  by  addition  of  baiic  hydrate  until  all 
m«jrcuric  oxide  is  precipitated  and  evaporation  of  the  filtrate.  From 
its  dilute  aqueous  solution  alcohol  precipitates  the  same  salt  with  five 
moloculoB  of  water  of  crystallisation  in  colourless  needles.  The  silver 
salt,  A8(C  II 3)0.(0 Ag)2,  is  precipitated  from  solutions  of  the  baric  salt 
in  naci*oou8  crystals,  which  detonate  at  100°. 

Antimony  Compounds  of  the  Alcohol  Radicals. 

330.  Only  those  antimony  com{>ounds  corresponding  to  the  tertiary 
arsinos  and  quaternary  Ri*8omum  com})ounds  are  known.  They  are 
in  nearly  all  respects  analogous  to  these  bodies. 

They  are  prepared  by  action  of  alkylic  iodides  upon  potassic 
antimonide.  This  alloy  ia  best  prepared  by  carbonising  tartar  emetic 
(potassic  antimonylic  tartrate)  and  strongly  heating  the  product  in 
covered  vesseb. 

The  reaction  between  the  finely  powdered  alloy  and  the  alkylic 
iodide  is  accompanied  with  great  evolution  of  heat.  The  resulting 
tertiary  stibine  is  thon  if  its  boiling  point  be  not  too  high — distilled 
off  in  vessels  filkni  with  carlwnic  anhydride,  whilst  potassic  iodide 
and  exot«8  of  tuitimony  remain  behind : 

SbK,  +  30„1I,„^.,I  =  Sb(C„H«+,)»  +  3KI. 

The  tertiary  stibines  oxiilise  rapidly—often  spontaneously  inflam- 
ing— on  exposure  to  air,  forming  the  oxides  Sb(CnH  00^.1)30,  which 
have  tlie  properties  of  a  diacid  basic  anhydride,  and  }ield  hydric 
and  normal  saJts  with  acids. 

Similarlv  to  their  l^eliaviour  with  oxygen,  the  tertiary  stibines 
unite  dirtHHly  with  one  atom  of  sxdphnr  or  two  atoms  of  halogen,  and 
further  unite  with  tlie  elements  of  a  molecule  of  an  alkylic  iodide 
to  quaternary  atil)onium  iodides,  Sb(CnH 204.1)4!,  from  which,  by 
action  of  ai^gentio  oxide,  the  caustic,  alkaline  monacid  bases, 
8l>(CnH^^  1)4,011,  can  be  prepared. 
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ArUimon-methyl  Compounds, 

SSL  TrimethylstibinBj  or  antimon-triinethyl^  Sb(CH3)3,  is  obtained, 
by  betttingmethy lie  iodide  with  potassic  stibide,  as  a  heavy,  colourless 
liquid,  insoluble  in  water,  little  soluble  in  alcohol,  but  readily  in  ether. 
Expoaed  to  air,  it  fiunes  and  soon  inflames  spontaneously.  Its  oxide, 
sulphide,  and  halogen  compounds  have  been  prepared,  but  not 
tJuttougfaly  investigated ;  they  completely  resemble  those  of  trimethyl 
stibine.  Trimsthylratihine  diiodide^  Sb(CH3)3l2,  can  be  also  prepared 
in  beautiful  crystals  by  direct  heating  of  powdered  antimony  with 
methylic  iodide  at  140°  : 

Sb4  +  9CH3I  =  3Sb(CH3)3lj  +  Sblj. 

By  bringing  together  trimethyl-stibine  iodide  and  zinc  methyl,  and 
subsequent  distillation,  an  oily  liquid  passes  over  between  96°  and 
100%  not  spontaneously  inflammable — aniimon-pentameihyl — and  is 
formed  according  to  the  equation  : 

Sb(CH,)3l2  +  Zn(CH3)2  =  Znlj  +  Sb(CH3)5. 

332.  If  trimethyl  stibine  be  mixed  with  methylic  iodide,  combina- 
tion occurs  without  the  aid  of  extraneous  heat.  A  white  hard  mass  of 
tetramethyl  stibonic  iodide^  Sb(CH3)4l,  is  obtained,  wliich  dissolves  in 
hot  water,  and  on  cooling  separates  in  beautiful  hexagonal  tables. 
This  compound  is  readily  soluble  in  alcohol,  diflicultly  in  ether.  On 
boiling  the  aqueous  solution  with  argentic  oxide,  argentic  iodide 
separates,  and  the  Altered  liquid  yields  on  evaporation  in  vacuo  a 
white  crystalline  deliquescent  mass  of  tetramethyl  stibonic  Iiydrate, 
Sb{CH3)4.0H ;  this  is  a  strong  base,  has  a  caustic  action  like  that  of 
potassic  hydrate,  and  is  readily  soluble  in  alcohol.  On  slow  heating  it 
can  be  partially  volatilised  without  decomposition.  Its  salts  are 
obtained  directly  by  neutralisation  with  acids,  or  by  decomposition  of 
the  iodide  with  silver  salts. 

Tetramethyl  stibonic  cMoride,  Sb(CH3)4Cl,  and  the  bromide, 
Sb(CH3)4Br,  crystallise  like  the  iodide  in  hoxiigonal  tables  ;  the  first 
gives  with  platinic  chloride  an  orange  yellow  crj'stalline  precipitate  of 
the  formula  [Sb(CH3)401]2,PtCl4. 

Tlie  nitrate,  Sb(CH3)40.N02,  prepared  by  double  decomposition 
of  the  iodide  with  argentic  niti-ate,  crystallises  in  i-eadily  soluble 
])risms,  like  those  of  potassic  nitmte. 

The  sulphates  are  prepared  fi-om  the  hydrate  and  sulphuric  acid. 
The  normal  sulphate,  [Sb(OH3)4]2S04,5H20,  forms  rhombic  eflloi-es- 
cent  crystals,  of  neutral  reaction  ;  the  hydric  sulphnte,  Sb(C  113)4.11804, 
transparent  hai-d  tables  of  strongly  acid  reaction. 

Both  carboniites  are  known  and  are  prepared  like  those  of  the  al- 
kali metals.  The  riormal  carbonate,  [Sb(CIl3)4]2C03,  is  an  indistinctly 
crystalline  mass  of  alkaline  reaction;  the  acul  salt,  [Sb(CH3)4]HC03, 
crystallises  in  star-like  groups  of  needles,  which  are  deliquescent  and 
of  alkaline  reaction. 

Antimon-ethyl  Compounds, 

333.  Triethyl  stibine,  or  antimon-triethyl,  ^h{Cj^^)^,  is  obtained 
by  tlie  above-given  method  as  a  colourless  liquid  of  sp.  gr.  1*324  and 
158°  boiUng  point ;  it  fumes  in  air  and  easily  inflames  spontaneously. 

q2 
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It  ]§  inaolable  in  water,  miscible  in  ewety  prcportion  with  alcohol 
and  ether. 

With  the  halogens  triethyl  stibine  coinl»nes  with  great  evolation 
of  heat,  ao  that  the  ingredients  can  onlv  be  brought  together  in  strongly 
diluted  aloobolie  or  ethereal  solations. 

TrieihylrBtibine  diddoride,  ^h{C^)l^)jC\^  is  obtained  by  heating 
triethyl  Rtihine  with  concentrated  hydrochloric  add,  hydrogen  being 
erolved.  Trieihj/l  $tibine  therefore  behaves  Uke  a  ttrongly  panlive 
divalent  meUd: 

!,H4  +  2HC1  =  Sb^CjH,  +  H, 
l,H,  \C1 

This  dichloride  is  a  colourless,  strongly  refractive  liquid  of  sp.  gr. 
1'54.  It  smells  like  turpentine,  tastes  Utter,  is  insoluble  in  water, 
but  soluble  in  alcohol  and  ether. 

The  dUbromide,  ^h(C^H^J&t^^  resembles  the  chloride,  but  solidifies 
at  — 10^  to  a  snow-white  crystalline  mass. 

The  diiodide,  Slb{C^B.f)^f,  forms  colourless  needles,  melting 
at  7(f. 

If  an  ethereal  solution  of  triethyl  stibine  be  exposed  to  the  air  as 
long  as  oxygen  is  absorbed,  there  remains  on  evaporation  of  the 
solution 

884L  TrieihylrHibine  oodde,  or  arUimon-triethyl  oxide,  S^CJH.^fiy 
as  a  viscous,  colourless,  amorphous  mass,  easily  soluble  in  water  and 
alcohol,  less  readily  in  ether. 

On  bringing  together  the  oxide  and  diiodide  of  triethyl  stibine  in 
alcoholic  solution,  there  crystallises  on  evaporation  triethylrHibine 
oxyiodide  in  vitreous  octahedra  and  tetrahedra,  soluble  in  water : 

Sb(C,H5)3l 

\ 

Sb(CaH,),0  +  Sb(CaH5),Ij  >.        O 

Sb(C,H5)3l 

The  same  compound  is  also  obtained  by  evaporation  of  an  alcoholic 
solution  of  the  diiodide  with  ammonia : 

2Sb(C,H5)3l2  +  2NH3  +  OH,  =  2NH  J  +  [Sb(CjH6)3l]aO. 

By  decomposition  of  the  oxyiodide  with  mercuric  chloride,  mercuric 
iodide  separates,  and  the  analogous  triethylstibine  oxychloride  : 

^«5«i;sb.o.sbz::^«5« 

Cl'^  XJl 

is  formed,  and  remains  on  evaporation  as  a  very  deliquescent  white 
fibro-crystalline  mass.  An  oxyhrortiide  of  like  composition  is  also 
known. 

836.  TrieOi^yJrgtibi'M  Salts. — With  acids  triethyl-stibine  oxide 
yields  basic  and  normal  salts. 
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The  hoiic  tridhylratibi/ne  salts  are  generally  prepared  by  double 
deoompositi<m  of  the  oxyiodide  with  silver  salts,  and  after  filtration 
fit>m  tbe  argentic  iodide  are  obtained  in  the  crystalline  form  by 
evaporation  in  vacuo : 

I  0.N0, 

O  +  2AgO.NOa  «  2AgI  +       0 

I  O.NO2 

Bat  water  appears  to  be  taken  up  at  the  same  time,  so  that  hydrated 
basic  salts  rrault : 

O.NOa 
^l^(CaH5)3  O.NOj 

O  +  HjO  =  2Sb^(CjH5)3 

/  \ 

Sl^(C,H5)3  OH 

\ 

O.NOa 

The  normal  salts  are  obtained  from  the  basic,  or  from  triethyl-stibine 
oxide,  by  addition  of  acids. 

SvlphcUea, — The  normal 8ulph<jUey  [Sb(C2H5)3lS04,  crystallises  from 
the  syrupy  solution  in  small  white  crystals,  which  melt  at  100°;  the 
b<me  saUf  [Sb(C2H5)30H]2S04,  is  a  deliquescent  gum-like  mass. 

Nitrates, — The  normal  nitrate,  [Sb(C2H5)3].(ON02)2,  or 

O.NO2 


Sb=(C2H5)3 

ciystallises  in  large  rhombic  prisms,  which  melt  at  62*5°.  It 
dissolves  readily  in  water,  difficultly  in  alcohol,  and  explodes  on 
heating.     Its  solution  reddens  blue  litmus  paper. 

OH 

/_ 
Basic  triethylrstihine  nitrate,  Sb:zz(C2H5)3,  is  obtained  in  the  form 

\ 

O.NO2 

of  a  radiating  crystalline  mass,  which  is  not  deliquescent,  but  is 
readily  soluble. 

83<B.  Triethyl'Stibine  sulphide,  Sb(C2H5)8S,  is  readily  obtained  by 
boiUng  an  ethereal  solution  of  triethyl  stibine  with  sulphur,  and 
separates  on  cooHng  in  voluminous  silvery  crystals,  which  have  a  dis- 
agreeable odour  and  melt  above  100°.    Dilute  adds  decompose  it  into 
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triethyl-stibiiie  salts,  with  evolution  of  sulphuretted  hydrogen.  The 
aqueous  solution  gives  with  the  salts  of  the  heavy  metals  precipitates 
of  metallic  sulphides,  whilst  triethyl-stibine  salts  remain  in  solution  : 

837.  Antiman-tetrethyl  or  Tetrethyl  Stihonic  Compounds, — A  mix- 
ture of  equal  molecules  of  triethyl  stibine  and  ethylic  iodide,  when 
covei*ed  with  water,  slowly  solidifies  to  tetrethyl  stibonic  iodide, 
Sb(C2H5)4l,  which  by  recrystallisation  from  hot  water  is  obtained  in 
large  prisms  or  needles.  By  means  of  argentic  oxide  it  lb  converted 
into  tetrethyl  stibonic  hydrcUey  ^\){Q^^^,0^y  a  strongly  alkaline 
syrupy  liquid,  which,  with  adds,  yields  neutral,  readily  soluble  salts, 
which  are  mostly  crystallisable.  As  they  resemble. those  of  tetrame- 
thyl  stibonium  in  all  respects,  they  may  be  passed  over. 

MeihyJrtriethyl  stibonic  iodide,  Sb(C2H5)3(CH3)I,  is  obtained  by 
direct  combination  of  triethyl  stibine  with  methylic  iodide. 

Amyl  Compounds, 

338.  By  action  of  isoamylic  iodide  upon  potassic  stibide  triisoamyl 
stibine  is  formed,  which  cannot  be  separated  by  distillation,  but  must 
be  extracted  from  the  product  by  ether;  on  evaporation  of  the  filtered 
solution  it  is  obtained  as  a  transparent  yeUowish  liquid  of  sp.  gr. 
1*133.  It  fumes  strongly  in  the  air,  out  does  not  inflame  spon- 
taneously. With  two  atoms  of  halogen  it  yields  compounds  which 
are  insoluble  in  water. 

On  endeavouidng  to  distil  this  body  a  liquid  passes  over  which  on 
heating  to  80^  evolves  an  antimonial  inflammable  gas,  and  leaves 
diantimon-tetriso<Mnyl : 

Sb  =  (C,H„), 

Sb,(C^„)4=     I 

Sb=(C5H„), 

as  a  liquid  not  fuming  in  the  air,  but  which  slowly  oxidises.     It  cor 
responds  to  the  cacodyls  in  the  arsenic  compounds. 

Bismuth  Compounds  of  the  Alcohol  Kadicals. 

839.  The  only  bismuth  compounds  yet  prepared  are  the  very 
unstable  ethyl  derivatives.  By  bringing  together  potassic  bismuthide 
(prepared  by  strong  heating  of  a  mixture  of  twenty  parts  of  bismuth 
with  sixteen  parts  of  powdered  add  potassic  tartrate  in  a  Hessian 
crucible)  with  ethylic  iodide,  a  rather  violent  reaction  occurs.  The 
cooled  mixed  product : 

BiK,  +  3C2H5I  =  3KI  +  Bi(CaH5)3, 

after  soaking  with  water,  is  shaken  with  ether.  The  latter  removes 
Bismuth  triethyl,  or  triethyl  bismuthine,  Bi(C2H5)3,  which,  after 
mixing  with  water  and  distilling  off  the  ether,  remains  under  the  water 
as  a  yellowish  mobile  liquid  of  sp.  gr.  1*82.  Its  smell  is  extremely 
disagreeable ;  it  fumes  in  the  air  and  inflames  spontaneously.     Even 
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below  100^  it  commences  to  decompose  with  evolution  of  gas  and 
separation  of  metallic  bismuth ;  at  150''  it  explodes  violently. 

By  slow  oxidation,  by  long  exposure  of  its  alcoholic  solution  to  air, 
faiflmuth  triethyl  is  converted  into  bismuthous  hydrate;  by  boiling 
with  Bolphur  bismuth  sulphide  separates,  whilst  diethylic  sulphide  is 
evolved : 

2Bi(CaH5)3  +  6S  =  Bi^Sg  +  3(C2H5)2S. 

A  dilute  alcoholic  solution  of  bismuth  triethyl  to  which  iodine  is 
slowly  added  yields,  by  combination  with  the  latter,  not  pure  bismuth 
triethyl-diiodide,  but  a  compound  of  the  latter  'with  bismuthou-s  iodide, 
Bi(CsH5)3ls,Bil3  =  612(02^5)315.  It  is  still  more  i-eadily  decom- 
poaed  by  chlorine  and  bromine. 

340.  On  mixing  an  alcoholic  solution  of  bismuth  triethyl,  slightly 
acidified  with  hydrochloric  acid,  with  mercuric  chloride,  mercuric 
ethyl-chloride  separates,  whilst 

BigmtUh  ethyl-dichloride,  Bi(C2H5)Cl2,  remains  in  solution,  and  is 
obtained  by  evaporation  of  the  filtered  liquid  in  small  colourless 
dystals.    Its  formation  is  represented  by  the  equation : 

Bi(CaH3)3  +  2HgCl2  =  2Hg<^J^5  +  Bi^l 

The  alcoholic  solution  of  this  compound  gives,  on  heating  with  potassic 
iodide,  potassic  chloride  and 

Bismuth  ethyl-diiodide,  Bi(C2H5)Ij.  If  the  liquid  Ixj  mixed  with 
water  until  strongly  clouded,  and  then  heated  until  again  clear, 
bismuth  ethyl-diiodide  crystallLses  in  golden  yellow  hexagonal  plates. 
From  its  alcohoHc  solution  potassic  hydrate  precipitates 

Bismuth  ethyl-oxidey  Bi(C2H5)0,  as  an  amorphous  yellow  powder, 
which  in  the  dry  state  inflames  when  exposed  to  air.  Argentic  ni- 
trate gives  with  bismuth  ethyl-diiodide  together  with  argentic  iodide 

Bismuth  ethyl-dinitrate,  Bi(C2H5)(O.N02)2,  which  is  obtained  by 
evaporation  in  vacuo  as  a  radiated  crystalline  mass,  explodes  at  40° 
and  is  slowly  converted  by  water  into  basic  bismuthous  niti-ate. 

Boron  Compounds  of  the  Alcohol  Radicals. 

341.  By  mixing  ethylic  orthoborate  (§  224)  with  organo-zinc  com- 
pounds in  an  atmosphere  of  carbonic  auliydrido,  zinc  ethylate  separates, 
whilst  an  organ o-boron  compound  is  formed,  which  is  obtained  pure 
by  distillation  : 

2B(OC,H5)3  +  3Zn(C„H,„+,)2  =  3Zn{0C.,B,),  +  2B(C„H,„^.,)3. 

Boron  trimethyl,  B(OH3)3,  is  a  colourless  gas  of  1-93  density, 
and  can  be  liquefied  by  pressure  and  cold. 

Boron  triethyl,  6(02115)3,  is  a  colourless,  mobile  li({uid  of  very 
pungent  irritant  odour.  Its  sp.  gr.  is  -696  at  23°.  It  boils  at  95° 
and  has  a  vapour  density  3*4.  It  inflames  sjwntaneously  in  air  and 
bains  with  a  green  flame.  It  is  only  slowly  altered  by  wat^r ;  by 
hydrochloric  acid  on  lieating  it  is  converted  into  ethane  and 

Boron  diethyl-Morvle,  B(C2H 5)201  : 

B(C,H5),  +  HCl  =  CHj  +  B^IhI 
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If  air  be  allowed  to  slowly  gain  access  to  boron  triethjl  it  absorbs 
one  molecule  of  oxygen  and  is  converted  into 

Boron  eihylrdiethylate,  Be-O.C2H5,  a  liquid  boiling  at  126°,  and 

which  is  at  once  converted  by  water  into 

Ethyl  hone  acid^  or  boron  ethyl-dihydrate,  Be-OH  .   This  latter 

X)H 

compound  is  removed  from  the  aqueous  solution  by  shaking  with  ether. 
By  evaporation  of  the  ether  in  a  stream  of  carbonic  anhydride  the 
etiiyl  boric  acid  remains  in  the  form  of  colourless  leaves  of  an  agree- 
able ethereal  odour,  sweet  taste,  add  reaction,  and  which  begin  to 
sublime  at  40°. 

SiLiooK  Compounds  of  the  Alcohol  Radicals. 

342.  The  tetravalent  element  silicon  combines  with  the  alcohol 
radicals  in  four  different  proportions.  Of  the  respective  compounds 
only  one  series,  Si(CnH2n+ 1)49  occur  as  free  molecules,  in  all  the  other 
compounds  poorer  in  alcohol  radicals  the  silicon  being  further  united 
to  tetrad  saturation  with  negative  elements  (oxygen  or  halogen). 

The  respective  compound^  show,  in  accordance  with  the  similarity 
between  carbon  and  silicon,  certain  analogies  with  such  organic  bodies 
as  contain  a  carbon  atom  instead  of  the  silicon  atom,  but  are  other- 
wise of  like  composition. 

Silicon  tri-,  di-,  and  monalcohol  radical  compounds  are  obtained 
by  heating  ethylic  orthosilicate  (§  225)  with  organo-zinc  compounds 
and  sodium.  The  latter  cannot  be  dispensed  with,  as  the  zinc  com- 
pounds of  the  alcohol  radicals  are  without  action  on  the  orthosilicates. 
During  the  reaction  metallic  zinc  separates,  and  therefore  it  is 
not  organo-zinc  but  organo-sodium  compounds  which  effect  the  sub- 
stitution of  the  O.C2H5  group  by  alcohol  radicals.  The  first  reaction 
is  probably : 

2Si(OCjH5)4  +  Zn(CaH5)a  +  Na,  =  Zn  +  2NaOCaH5 

+  2Si(CjH5)(C2H50)3. 

By  employment  of  larger  quantities  of  zinc  ethyl  and  sodium  and  a 
longer  continuance  of  the  action,  the  substitution  is  greater  : 

Si(OCaH5)4  +  Zn(C2H5)j  +  Na,  =  Zn  +  2NaOC2H5 

+  Si(02H5)a(C2H,0)2 

2Si(OCaH5)4  +  3Zn{Cja^^)^  +  SNa^  =  3Zn  -f  GNaOCjHs 

+  2Si(C2H5)3(C2H,0). 

A  single  one  of  the  respective  products  is,  however,  never  obtained, 
but  invariably  a  mixture,  from  which  the  pure  compounds  must  be 
separated  by  fractional  distillation. 

Silicon  Tetralkyle,  Si(CnH2n+i)4. 

343.  These  compounds,  which  correspond  to  paraffins  containing  a 
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qoatemaiy  united  carbon  atom,  C(CnH2n+ 1)4*  are  obtained  by  heating 
alicio  diloride  with  the  zinc  compounds  of  the  alcohol  radicals  in 
sealed  tabes  to  130''-200'' : 

SiCa^  +  2Zn(CnH^+  ,)a  =  2ZnQ\^  +  Si(C„H2n4. 1)4. 

When  the  reaction  is  completed  they  are  distilled  from  the  zincic 
chloride,  shaken  with  solution  of  potassic  hydrate  in  order  to  destroy 
any  organo-zinc  compound  or  silicic  chloiide,  and  then  di-ied  by 
means  d[  calcic  chloride  and  rectified. 

So  far  as  known  they  ai*e  all  liquids  which  are  not  afifected  by 
eiposare  to  air. 

Silicon  ietrameihylf  Si(CH3)4,  is  a  colourless,  mobile  liquid,  which 
boils  at  30^-3P,  floats  on  water,  and  at  higher  temperatures  bm-ns 
with  a  clear  flame  and  formation  of  white  fumes  consisting  of  silicic 
anhydride.     Its  vapour  density  is  3*058. 

Silicon  tetreihylf  Si(C2H,^)4,  is  also  a  liquid  lighter  than  water, 
which  boils  at  153°.     The  vapour  density  is  5*13. 

Its  behaviour  with  chlorine  is  peculiar ;  this,  on  being  passed  into 
cooled  silicon  tetrethyl,  does  not  split  off  ethyl  groups,  but  replaces 
hydrogen ;  the  first  action  is : 

SiCCjHg)^  +  Cla  =  HCl  +  Si(C2n5)3(C2H4a). 

This  latter  body  is  a  liquid  boiling  at  185°.  It  corresponds  to  a 
nonylic  chloride,  C9H19CI  =  C(C2H5)3.C2H4C1,  and  is  therefore 
termed  sUicononylic  chloride.  With  potaasic  acetate  it  yields  potassic 
diloride  and  silicononylic  acetate,  Si(C2lf.5)3(C2H4.0.02^8^)»  which 
boils  at  about  212°,  and  by  heating  with  alcoholic  potassic  hyditite  is 
saponified,  giving  sUicononylic  alcohol,  Si(C2H5)3(C2H4.0H)  : 

Si— ^«5»  +  KOH  =  KO.CaHaO  +  SiZl^^Hs 

x-/H.2.Cri2.0.C2H30  CH2.CH2«OH 

Silicononylic  alcohol  is  a  liquid  of  camphor-like  odour,  insoluble  in 
water,  boiling  at  190°.     It  corresponds  to  a  nonylic  alcohol : 

0(0211.5)3.0x1 2. CHa-OH, 
which  is  still  unknown. 


Silicon  Triethyl  or  Triethyl-ailicyl  Compounds, 

344.  If  tetrethylic  silicate  be  heated  for  a  long  time  with  large 
quantities  of  zinc  ethyl  and  sodium  in  sealed  tubes  to  200°  there  can 
be  isolated,  by  repeated  fractional  distillation  of  the  product, 

Silicon  triethyl-ethi/late,  Si(G2H5)3.0.02H5,  as  a  colourless  liquid 
boiling  at  153°.  The  vapour  density  is  5*57,  the  sp.  gi*.  -8414  at  0°. 
On  mixing  with  aqueous  distilled  hy dried ic  acid  heat  is  evolved,  and 
a  rather  violent  reaction  occurs,  in  which  ethylic  iodide,  water,  and 
silicon  triethyl-oxide  are  formed : 

2Si(C2H5)3(OC2H5)  +  2HI  +  2C2H5I  +  H^O  +  [SiCCaH,),]^©. 
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Silicon  triethyl-oxidef  siUco-heptt/l  oxidCf  or  triethylrsUicyl  ether: 

Si£iCjHj 

N) 

is  a  colourless  liquid,  which  boils  between  224°  and  229°,  and  haa  at 
0°  sp.  ^.  -8831. 

If  silicon  triethjl-ethylate  be  heated  for  a  long  time  at  280°  with 
acetic  anhydride,  there  results,  according  to  the  equation  : 

Si(CjH5)3(OCaH5)  +  (CaH30),0  =  CjHg.O.CjHsO 

+  Si(C,H5)30.C,HaO, 

ethylic  acetate,  together  with 

Silicon  triethyjrocetixte^  triethyl-silicol  acetate : 

\  C2H5 

as  an  agreeable-smelling  liquid  of  sp.  gr.  *9039  at  0°,  which  boils  at 
168°.  By  boiling  with  concentrated  sodic  hydrate  this  body  is  de- 
composed according  to  the  equation : 

2Si(CaH5)3.0.C2H30  +  NaaC03  +  HjO  =  2NaO.CaH30  +  CO3 

+  2Si(CaH,)30H. 
The  body  so  obtained, 

Triethyl  sUicol,  silicon  triethylrhydrate,  or  triethyl  silicic  hydrate : 


Q.iL-CaHg 


NCaHg 
OH 

is  an  oil  having  the  properties  of  a  tertiary  alcohol,  and  which  is  of 
analogous  composition  to  the  tertiary  heptyl  alcohol,  triethyl  carbinol, 
0(0265)3011.  If  its  ethereal  solution  be  treated  with  sodium,  the 
latter  dissolves  with  evolution  of  hydrogen  and  formation  of  sodic 
triethyl  silicolate,  Si(02H5)3.0.Na. 

On  endeavouring,  by  renewed  action  of  zinc  ethyl  and  sodium  on 
silicon  triethyl-ethylate,  to  replace  the  last  ethoxyl  group  by  ethyl, 
ethylene  is  evolved,  and  there  is  formed,  according  to  the  equation  : 

2Si(02H5)3.0.CaH5  +  Zn(CaH6)a  +  Naa  =  Zn  +  2Na(OOaH5) 

+  2CaH4  +  2Si(CaH5)3H, 

/OaH« 

Silicon  triethyUhydride^  Si r«^TT*>   ^^  siKco-heptane,    an    ana- 

^H 

logue  of  the  heptane  triethyl  methane.  It  is  a  colourless  liquid,  in- 
soluble in  water,  of  petroleum-like  odour,  boils  at  107°,  and  at  0°  has 
sp.  gr.  '751. 
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Bramine  reacts  very  violently  upon  silico-heptaney  and  forms, 
floooitiliiig  to  the  equation  : 

Si(C,H5)3H  +  Brj  =  2HBr  +  Si(CaH6)3Br, 

Tritthffl  iilicic  bromide,  SiZZp,^TT^  ^.liquid  boiling  at  163",  which 

^Br 

fdmeB  in  the  air  and  is  slowly  decomposed  by  water  into  triethyl 
siliool: 

Si(C2H6)3Br  +  H2O  =  HBr  +  Si(C2H5)3.0H, 

and  triethyl  silicic  ether : 

2Si(CjH3)3Br  +  H2O  =  2HBr  +  [Si(C2U5)3]20. 

Triethyl  siliool,  with  its  derivatives,  is  of  great  theoretical  interest 
the  first  complete  example  of  a  true  silicon  alcohol. 


Silicon  Diethyl  Compounds, 

345.  By  heating  one  molecule  of  tetrethylic  silicate  with  one 
molecule  of  zinc  ethyl,  and  sodium,  in  sealed  glass  tubes,  the  chief 
product  formed  is 

Silicon  diethyl^iethylate,  or  the  so-called  silicon  diethyl-ketone 
ether,  Si(C2H5)2(OC2H5)2,  a  liquid  insoluble  in  water,  but  soluble  in 
alcohol  and  ether,  whase  boiling  point  is  165*5°.  Its  sp.  gr.  at  0° 
=  '8752,  its  vapour  density  6*19.  By  heating  with  acetyl  chloride 
in  sealed  tubes  to  200°  it  is  converted,  according  to  the  equation  : 

Si(C2H5)2(OC2H5)2  +  C2H3O.CI  =  C2H5.O.C2H3O 

+  Si(C2ll5)2(O.C2H5)Cl, 

into  silicon  diethyl-ethylate  chloridey  and  further  : 
Si(CaH5)2(0.02H6)Cl  +  C2II3OCI  =  C2H5.O.O2H3O  +  Si(C2H5)aCla, 
into  silicon  diethyldichloride : 

'^Vci 

^Cl 

Both  compounds  are  liquids  which  fume  in  the  air ;  the  first  boils  at 
148®,  the  latter  at  129°.  This  body,  by  treatment  with  water,  is  con- 
verted into : 

Si^^P*  -f  HaO  x=.  2HC1  +  Si^jHe 

^Cl  ^^ 

Silicon  diethyl-oxide,  or  diethyl  silicon  ketone, .  Si(OaH5)aO,  a 
viscous  liquid  boiling  above  360°. 

Silicon  Moneihyl  Compovmds, 

346.  The  first  product  of  the  simultaneous  decomposition  of 
ethylic  orthosilicate  and  zinc  ethyl  by  sodium  (which  takes  place  even 
in  open  vessels)  is 


{ 
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SiMcon  ethyJrtriethyUUef  or  ethylic  orthosUico-propionate : 


Si=l 


;i=(oc,H,), 

When  purified  by  fractional  distillation  the  compound  is  obtained  as  an 
ethereal  liquid  of  agreeable  odour,  boiling  at  159°,  insoluble  in  water, 
though  slowly  altered  by  it.  By  heating  with  three  molecules  of 
acetic  chloride  to  180°  it  forms 

Silicon  ethyl-trichloride,  Si(C2H5)Clj,  a  liquid  boiling  between  90** 
and  110°^: 

Si(C2H5)(O.C,H6)3  +  SCaHaO.Cl  =  3CaH5.0.CaH,0  +  Si(CaH5)Cl„ 

which  is  slowly  converted  by  water  into 
Silicon  ethfl-oxyhydrcUe,  Si(C2H5)O.OH : 

/gf^»  /C,H, 

SiZrXl      +  2HjO  =  3HC1  +  Sif-O 

This  latter  compound  forms  an  insoluble  white  powder ;  on  heating  in 
air  it  smoulders,  leaving  carbonaceous  silicic  anhydride.  It  is  dissolved 
by  potassic  hydrate,  probably  forming  the  salt  Si(C2H5)O.OK.  In  its 
constitution  this  weak  acid  corresponds  to  propionic  acid,  and  is 
therefore  designated  ailico-propionic  acid : 


CH, 

CH, 

CH, 

OH, 

C— 0 

Ri-O 

\ 

\ 

OH 

OH 

Propionic  acid. 

Silico-propionic  acid. 

347.  Zinc  methyl  and  sodium  act  only  with  great  difficulty  on 
ethylic  orthosilicate.  The  mixture  must  be  heated  for  a  long  time, 
finally  to  300°,  when,  according  to  the  equation : 

2Si(OC2H5)4  +  Zn(CH3),  +  Na^  =  2NaO.CaH5  +  Zn 

+  2Si(CH3)(C,H50)3, 

silicon  methyl-triethylate  is  formed.  This  boils  at  145°-151°,  and  on 
treatment  with  hydriodic  acid  is  converted  into  silicon  methyjroxy' 
hydrate : 

Si(CH3)(C2H50)3  +  3HI  =  3CaH5l  +  HjO  +  Si(CH3)0.0H. 

This  latter  compound  is  insoluble  in  water,  smoulders  on  heating  in 
air,  has  the  properties  of  a  weak  acid,  and,  on  account  of  the  analogy 
of  its  constitution  to  that  of  acetic  acid,  is  termed  sUico-acetic  acid. 

GH.9  CHi 


-3  ^^^3 


3-0 

Ri^O 

\ 

\ 

OH 

OH 

ietic  acid. 

Silico-aoetic  acid 
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TiK  Compounds  op  the  Alcohol  Radicals. 

S48.  Tin  unites  with  two,  three,  or  four  alcohol  radicals,  hut  only 
the  bodies  of  the  last  group  : 

/  O  TT 
on — f^  Tx 

CnH2n  + 1 

oocor  as  simple  molecules,  whilst  the  tri  and  di  derivatives  occur  as 
radicals  in  combination  with  other  elements,  or  united  with  a  further 
quantity  of  themselves,  forming  complex  molecules  : 

yOnH  211+1  

gj^^CnH2n+  J  Sn=(CnH2n+  1)3 


V 'CnH2ii  + 1 

^01  Sn^(C„H2n+,)8 

Chloride.  Free  molecule. 

yCnH2n  + 1 
«    ~  CnHjn  +  1  Snz=:(CnH2n  + 1 )% 

that  the  tin  in  all  these  compounds  behaves  as  a  tetrad. 

The  ethyl  compounds  have  been  most  investigated. 

848.  The  tin  ethyl  compounds  can  be  conveniently  prepared  by 
action  of  ethylic  iodide  upon  the  alloy  prepared  by  fusing  together 
sodium  and  tin.  This  latter  is  powdered  and  placed  in  a  iiask  pro- 
vided with  an  inverted  condenser,  covered  with  the  iodide,  and  the 
reaction  started  by  application  of  a  gentle  lieat.  Once  commenced,  it 
proceeds  with  such  energy  that  the  flask  must  be  cooled  by  immei-sion 
in  water.  When  the  temperatui-e  falls  the  reaction  is  completed  by 
heating. 

Different  compounds  are  obtained  according  to  the  amount  of 
sodium  in  the  alloy  and  to  the  proportion  of  the  different  ingredients 
present. 

By  employment  of  an  alloy  very  jx)or  in  sodium,  and  an  excess  of 
ethylic  iodide,  stan-diethyl  diiodide,  Sn(C2^'^.'s)2l2>  ^^^  atan-triethyl 
iodide,  Sn(C2Hr,)3l,  are  mainly  formed,  the  latter  being  formed  in 
larger  quantity  the  larger  the  amount  of  st^iium  in  the  alloy.  If  the 
amount  of  sodium  reiu^hcs  20  %  there  are  obtained  only  the  free 
radicals  distantetrethj/l,  Su2(C2H5)4,  and  dktan-he.rethijl^^n^iQ^r^cy 
These  latter  ai-e  extracted  from  the  mixed  products,  which  contiiin 
sodic  iodide  and  excess  of  zinc,  by  means  of  ether,  and  are  obtjiinod 
mixed  together  on  evajvonition  of  the  filtered  solution  in  an  atmo- 
sphere of  carbonic  anhydride.  They  can  be  separated  by  means  of 
alcohol,  in  which  distan-hexethyl  is  st^^arcely  soluble,  whilst  distan- 
teti-ethyl  is  readily  dissolved. 

On  distilling  the  reiiction-mass  directly  fi-om  tbe  sand  bath  the 
distan-hexethyl  passes  over  nearly  unaltered,  but  distan-tetrethyl 
decomposes  into  tin  and  stan-tetrethyl,  which  volatilises.  The  two 
bodies  in  the  distillate  can  be  separated  by  fiiictional  distillation. 
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Pore  tin  in  the  shape  of  tin  filings  only  acts  on  ethjlic  iodide  at 
hig^  temperatnreB  or  in  sunlight.  Stan-diethrl  diiodide  is  the  main 
prodact : 

Sn  +  2C,H  J  =  Sn(C,H5)jI^ 

Stan^eirethyl  is  most  oonTenientlj  prepared  br  careful  mixing  of 
two  molecoles  of  zinc  ethjl  with  one  molecule  of  stannic  chloride 
and  afterwards  distilling : 

SnCl^  +  2Zn(C,H4),  =  2ZnC1,  +  3n(C,H5),. 

The  halogen  compounds  of  the  radicals  poorer  in  ethyl  alao  yield 
skan-tetrethyl  when  treated  with  zinc  ethyl : 

Sn(C,H5)aI,  +  Z^C^),  =  Znl,  +  Sn(C,H5)4. 

850.  The  aloc^l  radicals  united  to  tin  can  be  easUy  replaced  one 
afW  another  by  halogens.  If,  for  instance,  stan-tetrethyl  be  treated 
with  a  molecnle  of  iodine,  it  yields  ethylic  iodide  and  stan-triethyl 
iodide  : 

Sn(C,H5),  +  I,  =  C,H  J  +  Sn(C,H4)3L 

This  by  mwe  iodine  is  converted  into  stan-diethyl  diiodide : 

Sn(C,H,)3l  +  I,  =  C,H  J  +  Sn(C,H,),I^ 

Tlus  latter  on  heating  with  iodine  is  converted  into  stannic  iodide  : 

Sn(C,H,)  J,  +  21,  =  2C,H5l  +  SnI,  ; 

bat  so  far  attempts  to  prepare  a  stan-ethyl  triiodide  in  this  way  have 
not  met  with  success.  Hydrochloric  add  converts  stan-tetrethyl  into 
stan-ethyl  chlorides  and  ethane  : 

Sn(C,H,),  +  HCl  =  Sn(C,H5)3Cl  +  C,H« 
Sn(CjH4),Cl  +  Ha  =  Sn(C,H5)jCl,  +  CjH^. 

Stan-diethyl  Compounds. 

351.  Stamrdieihylj  or  distcm-tetrethyl,  Sn^C^H^)^.  As  mentioned 
above,  distan-tetrethyl  is  separated  from  the  distan-hezethyl  formed  at 
the  same  time  by  means  of  alcohol ;  from  this  solution  it  is  pre- 
cipitated by  water  as  a  colourless,  thick,  oily  liquid  of  1*558  sp.  gr. 
From  the  air  it  absorbs  oxygen,  and  similarly  unites  with  the  halogens 
to  form  stan-diethyl  dihaloids ;  e.g. 


^-4m 


Sn<g 


5  y^t^n 

2"«  +  21,  =  2SnZI?»^* 

H.  ^I 


It  is  not  volatile  without  decomposition ;  on  heating  it  is  converted, 
with  separation  of  tin,  into  stan-tetrethyl,  which  distils  over  : 

Sn=(C,H6), 

=  Sn  +  Sn(CaH5)4. 

The  diiodide  can  be  obtained  directly  by  the  action  of  ethylic  iodide  on 


1= 
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poor  Bodimn  zinc  alloy,  as  also  from  zinc  filings  and  ethylic  iodide  on 
neatuig  or  exposure  to  the  action  of  sunlight : 


Sn  +  2CaH5l  =  SnIZj  »^« 


.( 
\3 


I 

SUin-dieihyl  diiodide  crystallises  in  colourless  needles,  melting  at 
44*5**  and  subliming  on  stronger  heating.  In  water  it  is  but  little 
Bolubky  more  readily  in  alcohol,  readily  in  ether. 

Stan-dietht/l  didUoride  is  best  prepared  by  dissolving  stan-diethyl 
oxide  in  hydix)chloric  acid  and  evaporation  of  the  solution.  It  forms 
oolonrless  needles,  melting  at  85°,  boiling  iinaltered  at  220%  and  even 
BublimcB  on  slightly  heating.     The  vapour  density  is  8*553. 

Both  halogen  compounds  3rield  distan-tetrethyl  when  treated  with 
zinc: 

2Sn(CjH5)2Cl2  +  2Zn  =2ZnCla  +  Sn2(C2H5)4. 

In  an  aqueous  solution  of  the  dihaloids  ammonia  gives  a  pre- 
cipitate of 

Stanrdiethyl  oonde,  Sn(C2H5)20 : 

g^—CaHg    ^  jj^Q  ^  2NH3  =  2NH,I  +  Sn/c^Hg 

Nj  So 

a  white  powder  insoluble  in  water,  alcohol,  and  ether,  soluble  in  acids 
forming  salts.  The  dinitrate,  Sn(C2H5)2(O.N02)2,  crystallises  in 
prisms;  the  sulphate,  Sn(C2H5)2S04,  in  plates. 

Stan-triethyl  Compounds. 

352.  Distan-heocethi/l : 

<C2H5 
C2H5 
C2H5 
/C2H5 
SnACjHg 

is  a  thick  liquid,  insoluble  in  alcohol,  but  readily  soluble  in  ether, 
boiling  at  265^-270°  with  partial  decomposition. 

It  can  be  obtained  from  stan-triethyl  iodide  by  action  of  sodium  : 

2Sn(C2H6)3l  -f.  Na2  =  2NaI  -f  Sn2(C2H5)6. 

Its  sp.  gr.  at  0°  =  1-4115,  its  vapoui*  density  =  14'70. 

It  is  unaffected  by  the  air.  Its  o<lour,  like  that  of  all  stan-triethyl 
compounds,  is  peculiarly  penetrating. 

On  passing  chloiine  into  a  solution  of  distan-hexethyl  in  chloroform, 
stan-diethyl  dichlaride  is  obtained,  according  to  the  equation  : 

Sn2(C2H5)6  -h  3CI2  =  2Sn(C2H5)2Cl2  +  2C2H6CI ; 

whilst  iodine,  when  carefully  added  in  the  cold,  gives  stan-triethyl 
iodide: 

Sn2(C2H,)e  +  I2  =  2Sn(C2H5)3l. 


MO    vastrAnwn  or  tee  alcobgl  mimmiTiT, 


jfiimm4rUiiif^  i/Aid^,^  iife*  C^,^I^  s*  prepared  -iir^scriT  *':▼  aid  .jf  tin 
alfeiy  ]^>r  ra  y>£iiift.  Kzvi  m  o^)Cftiaai  ia  a  sufie  cf  paritT  hj  the 
fai^k>iukl  4j»tiIIaurici  of  the  pvodwiL  It  i«  a  eoioiirkfli  oil  'S^  1*^3 
ifu  gr^  MHs^  as  ^I\     It  h  saeible  m  aH  pnfKct&oBs  with  akobol 

If  ft  iohitkA  of  tiie  Uogen  cnaipmiHi  be  deeompofled  bj  srgeotie 
oxyie  or  fM^MRoe:  bjdnte  azkd  diidlkd, 

Htam4rytA^  hfitmU,  9d/C^s;,.OH,  pMM  orer  akog  with  the 
inil«r  ru^rmr.  It  ciywtanMei  in  brillmnt  colovrien  prkms^  which 
neft  at  4i^  Mbd  difdl  at  IHIT*,  It  rahliniiH  tiowlj  at  ordinarr  tern- 
feratiarrtiL  It  ii  cnlj  tti^irtlj  di»olT«d  bj  water,  bm  readSlj  bj 
aferjhr^  and  *x}^hr.  It  reacts  stroAjzij  alkJiiK,  and  abaoiiM  carbonic 
anhydride  fir*wi  the  air.  If  belted  fix-  a  lonir  time  to  near  its 
Mlaukft  prAzA  h  evfArfitt  water  and  letkm  the  anhydride 

ffln(C»H,>,,OH  =  H/J  +  [8n(C^,),].0.[Sn(C^,),], 

wUdi  by  action  of  water  again  jidds  the  h jdrate. 

The  taha  of  stan-triethjl  are  moatl  j  crystallittble,  and  cm  be  pre- 
ptuw  dtntMy* 

The  ndfiXaUf  [Bn(C2Ri)z]^04y  crrstallifleB  in  brilliant  adoorleaB 
pfitHMiy  which  are  more  solnble  in  ooJd  than  in  boiHi^  water.  The 
ntiraU,  Hn((Jtli^)^0,yO^  is  difficult  to  crTstallise. 

If  ftan-trieth j]  iodide  ^Je  heated  to  200^  with  drj  sodic  ethvlate, 

Htan-iruihyl  HhyVtU,  Sn(CjHj),(OC,H^),  distils  over  as  a  coUmr- 
leiMy  nnpleasantrsmelling  ]iqaid,  of  r2634  sp.  gr.  at  0^,  boiling  at 
190^-192^.     It  is  formerl  aooording  to  the  equation : 

8n=(C,H,),  +  Na.O.C,H,  =  Nal  +  Sn^C^^), 

\  \ 

I  O.CjHj 

and  decomposes  with  water  to  eUiylic    alcohol   and   stan-triethjl 
hydrate  (§  344). 

353.  StcMrie^tthylf  Sn(C,H5)4.  The  method  of  preparation  and 
moKt  important  reactions  of  this  body  have  already  been  given.  It  is 
a  coloaHess  \\f\\i\i\  of  faint  ethereal  odour  and  somewhat  metallic 
tastr;,  boiling  at  18P.  Its  sp.  gr.  is  1 '187  at  13°,  the  vapour  density 
8-021. 

354.  Several  of  the  methyl  compounds  of  tin  have  been  prepared ; 
the}'  rowjmble  the  corresponding  ethyl  compouods. 

St/i/nrtHranuithi/l  lioils  at  78^,  has  at  0^  sp.  gr.  1-3138  and  a  vapour 
di^iMity  <^  6*00.  Stan-trimethyl  iodide,  80(0113)31,  is  liquid,  smells 
like  muKUrd  oil,  boils  at  170"",  and  has  sp.  gr.  21432  at  0^  Treated 
with  sodium  it  does  not  yield  distan-hexmethyl,  but  is  decomposed 
according  to  the  equation 

4Sn(CH3)I  +  2Naa  =  4NaI  +  Sn  +  3Su(CH3)4. 

Stcm-trimeihyl  hydrate,  Sn(CH3)4.0H,  forms  colourless  prisms, 
very  slightly  soluble  in  water.    It  reacts  strongly  alkaline,  and  readily 
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ToktOiBes.  Treated  with  acid  it  giyes  salts,  and  by  long  heating  the 
anhydzoiiB  oxide  rSn(CH3)3]20. 

Of  the  dimethyl  compounds  diata-nrtetramethyl  has  been  prepared, 
but  requireB  further  investigation.  Stan-dimethyl  diiodide,  Sn(OH3)3ls, 
OTBtaUifleB  in  prisms,  mating  at  22°,  boiling  at  228°,  and  pretty 
readily  solable  in  water.  Ammonia  precipitates  from  it  amorphous 
wtanMmeihyl  oxide,  insoluble  in  water,  soluble  in  potassic  hydmte, 
and  yielding  crystalline  salts  with  the  acids. 

Compounds  containing  both  ethyl  and  methyl  are  also  known. 
Hieir  formation  is  represented  by  the  equations  : 

Sn(CaH5)jCla  +  Zn(CH3)a  =  ZnClj  +  ^ii{O^Uj)^{(JB.^)^ 
and    2Sn(OH,)801  +  Zn(Q^n^)^  =  ZnCl^  +  2Sn(CH3)3(CaH5). 

355.  Of  normal  propyl  and  isobutyl  derivatives  there  have  been 
praparod  Sn(0,H7)3l  as  a  liquid  boiling  at  269°-270°,  and  Sn(C4H9)3l 
as  an  oil  boiling  at  292^-296°.  Stan-triisobutyl  hydrate  is  solid,  amor- 
phous, volatile,  and  of  strongly  alkaline  reaction. 

Lead  Compounds  of  the  Alcohol  Eadicals. 

356.  In  most  of  its  inorganic  compounds  lead  acts  as  a  diad 
element,  but  in  its  compounds  with  the  alcohol  radicals,  as  far  as  they 
are  yet  known,  it  behaves  as  a  tetrad. 

The  compounds  Pb(0QH2n  + 1)4  are  prepared  by  action  of  alcoholic 
iodides  upon  an  alloy  of  lead  and  sodium,  or  better  by  treatment  of 
plumbic  chloride  with  organo-zinc  compoimds,  followed  by  distillation. 
Probably  the  diad  compounds  or  the  doable  molecule  of  the  latter  are 
first  formed : 


+  4IC„H2„  +  i  =  4NaI  +  || 
bNa^  Pb(C„H2„+i), 

PbQj 

+  2Zn(CaH2n  +  i)2  =  SZnCla  +  Pb2(CaHjn+,)4 
bCla 


1! 

P 


which  yield  lead  and  the  tetrad  compound  at  a  far  lower  temperature 
than  in  the  case  of  distan-tetrethyl : 

Pb(CnH2n+i)2 

II  =Pb  +  Pb(CaH2n+,)4 

Pb(CnH2n+i)2 

By  halogens  the  latter  ore  converted  into  alkylic  haloids  and  mono- 
haloid  derivatives : 

Pb(CaH2n+  O4  +  I2  =  CnH2„+  ,1  -h  Pb(G„H2„+  Oal ; 
by  acids  into  paraffins  and  salts  : 

Pb(CnH2„+i)4  +  HCl  =  C„H2„  +  2  +  PKCnlljn+OaCl 
2Pb{C„H2„+04  +  112804  =  2C„H2„  +  2  +  [Pb(C„H2n+,)3]2S04. 

From  these  salts  the  strongly  basic  hydrates,  PKCnH^n+OaOH,  can 
be  obtained.     Methyl,  ethyl,  and  isoamyi  compounds  are  known. 

u 
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867.  Le€ul  Methyl  Compounds. — On  adding  to  perfectly  dry 
plombic  chloride,  contained  in  a  distillation  apparatus,  fiUed  with 
dried  carbonic  anhydride,  a  quantity  of  zinc  methyl  insufficient  for 
complete  decomposition,  metallic  lead  separates,  and  on  distillation 
plumb-tetramethyl,  Pb(CH3)4,  passffl  over  as  a  colourless,  mobile  liquid, 
boiling  at  110°.  The  sp.  gr.  is  2  034  at  0°,  its  found  vapour  density 
at  130°  =  9*52  (theoretical  9*25).  It  is  insoluble  in  pure  water,  but 
readily  in  alcohol  and  ether  ;  it  is  not  affected  by  atmospheric  oxygen. 

If  plumbic  tetramethyl  be  boiled  for  some  time  witii  hydrochloric 
acid  there  separates,  on  cooling,  long  silky  needles  of  plwmb'trimethyl 
chloride^  Fb(CH3)3Cl,  which  can,  when  dry,  be  sublimed  in  a  small 
glass  tube. 

By  the  decomposition  of  plumb-tetramethyl  by  careful  addition  of 
iodine,  pktmb-trvmethyl  iodide,  P^CHj)}!,  is  obtained  in  colourless 
needles,  litUe  soluble  in  water,  readily  in  boiling  alcohol.  If  this  be 
distilled  with  solid  potassic  hydrate,  an  oil  smelling  like  mustard 
passes  over,  which  solidifies  to  strongly  alkaline  prisms,  probably  of 
pt/umb-trimeihyl  hydrate^  Pb{CH3)3.0H. 

358.  Lead  Ethyl  Compounds. — Plumb-tetrethyl,  Pb(Cj|H5)4,  is 
usually  prepared  by  decomposition  of  plumbic  chloride  with  zinc  ethyl, 
and  distillation  in  vacuo  of  the  liquid  poured  off  the  precipitated  lead.  It 
ia  a  colourless  liquid  of  1*62  sp.  gr.,  boiling  with  partial  decomposition 
at  above  200°.  When  heated  in  the  air  it  burns  with  an  orange- 
coloured,  green-mantled  flame.  Boiled  with  hydrochloric  add,  it 
gives  pturnh-trieihyl  chloride,  VhiQ^^^Qi,  with  evolution  of  ethane, 
and  reacts  with  iodine  to  form  the  respective  iodides  : 

Pb{C,H5)4  +  I,  =  Pb(C2H5)3l  +  CaH.I. 

Both  haloid  compounds  crystallise  in  needles,  are  volatile,  and  smell 
like  mustard  oil.  When  distilled  with  solid  potassic  hydrate,  plumb- 
triethyl  hydrate,  Pb(C2H5)3.0H,  passes  over  as  an  oily,  strongly 
alkaline  liquid,  of  powerful  odour,  which  solidifles  on  cooling  to  a  mass 
of  interlaced  needles.  Flumb-iriethyl  sulphate,  rPb(C2H5)3]9S04, 
separates,  on  neutralisation  of  an  aqueous  solution  oi  the  hydrate  with 
sulphuric  acid,  in  difficultiy  soluble,  hard,  brilliant  octahedra. 

359.  Plumh-tetrisoamhyl,  Pb(C5Hii)4,  is  obtained,  by  action  of 
isoamylic  iodide  upon  lead-sodium  alloy,  extraction  of  the  product  with 
ether,  and  evaporation  of  the  filtered  solution,  as  a  yellow  oily  liquid 
which  cannot  be  distiUed  unaltered.  Plumbic  triisoamyl  iodide, 
Pb(05B[ii)3l,  prepared  from  this,  crystallises  in  colourless  needles. 
The  hydrate  and  chloride  are  also  known. 

Aluminium  Compounds  of  the  Alcx)hol  Kadicalb. 

360.  On  heating  aluminium  filings  with  ethylic  iodide  in  sealed 
glass  tubes  to  130°-150°,  there  is  obtained  a  thick  liquid,  spon- 
taneously inflammable  in  air,  and  decomposed  by  water  with  explosive 
violence.  This  results  from  the  direct  union  of  the  metals  with  the 
components  of  the  ethylic  iodide,  and  without  doubt  has  the  composi- 
tion Al2(C3H5)3l3.  Pure  aluminium  ethyl  cannot  be  obtained  by 
distillation  from  this,  the  liquid  distilling  over  invariably  containing 
some  iodine. 

Organo-aluminium  bodies  can  be  obtained  Id  a  state  of  purity  by 
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digesting  the  ooireBponding  mcrciin'  compoundH  with  thin  aluminium 
fofl,  this  method  serving  especially  for  the  prepanition  of  the  methyl 
■nd  ethyl  compounds.  From  the  determinations  of  their  vapour 
iianmilim  these  bodies  immediately  al>ove  their  boiling  points  must  be 
expneaed  by  the  formula  Al2(CnH2„^  ,)q,  being  analogous  to  that  of 
alaminic  cUoride ;  on  increasing  the  temperature,  however,  the  vapour 
density  decreases  and  approaches  to  ncaily  hull' its  former  vtilue,  i.e. 
correBponds  to  the  moleculai*  foimula  Al(CnIl2n+i)3<  The  oi'gano- 
aluminium  compounds  fume  in  the  air,  i-eadily  iniliimo  spontaneously, 
■nd  then  bum  with  evolution  of  thick  fumes  of  alumina.  Water 
decompOBeB  them  with  explosive  violence  into  paraffins  and  aluminic 
hydmte: 

Al,(CnH,„+,)6  +  6H2O  =  Al2(OH)6  +  6C„Hj„+3. 

Ahiminium  metfiyl,  AX^iOH^^  or  A^CHj),,  is  obtained  by  digest- 
ing mercury  dimethyl  with  aluminium  foil  and  then  distilling.  It  is 
liquid  at  ordinary  temperatures,  crystalline  at  0°,  and  boils  at  130^ 
Immediately  above  this  teDipei*ature  the  vapour  density  is  4*35,  at 
160*  only  3-9-4-1,  and  finally  at  240°  only  2-8.  The  theoretical 
density  for  Alj(CH3)6  is  4-9«  ;  for  A1(C1[3)3,  2-49. 

Alummiwn  ethyly  Al 2(02^^5)6  ^^  A1(C2H2)3,  obtained  in  similar 
manner  to  the  methyl  compoimd,  is  still  liquid  at  —18^  and  boils  at 
194°.  At  230®  its  vapour  density  is  found  to  be  4*5.  The  vapour 
would  therefore  appear  to  be  a  mixture  of  a  little  Al2(02H5)g  (theo- 
retical density  7-88)  with  much  A1(CH3)3  (theoretical  density  3*94). 

Mercury  Compounds  of  the  Alcohol  Radicals. 

361.  Mercury  forms  saturated  compounds  with  two  alcohol 
radicals,  Hg(CnH2n  +  i)2'  Tliey  can  be  prepared  by  the  action  of 
organo-zinc  compounds  witli  mercunc  chloride  : 

HgCl2  +Zn(0„Il2„+,)2  =  Zna2  +  Hg(C„H2„+02; 

and  directly  by  the  action  of  sodium  amalgam,  diluted  with  much 
mercury  upon  the  alcoholic  iodides,  some  ethylic  acetate  being 
generally  also  added  : 

HgNa2  +  2IC„H2„^  J  =  2NaI  +  Hg(C„H2n+  Oa- 

By  careful  addition  of  halogens  to  these  compounds  one  alcohol 
radical  is  removed  and  i-eplaced  by  the  halogen  : 

Hg(CnH2n+,)2  +  l2  =  Hg(C„H2n  +  l)I  +CnH2n  +  iI; 

but  excess  of  halogen  converts  these  into  mercuric  haloids  : 

Hg(C«Hj„+,)I  +  I,  =  nglj  +  C„IIj„+,.I. 

Halogen  hydro-itcids  even  in  excess  only  cause  the  replacement  of  one 
alcohol  radical : 

IIg(C„H,„+,)2  +  HCl  =  Hg(C„H,„+,)Cl  +  C;„H,„+,. 
The  oxy-acids  act  similarly  and  form  corresponding  salts. 

The  iodides  can  be  prepai'ed  directly  from  the  alcoholic  iodides  and 
mercury  in  presence  of  sunlight : 

Hg  +  C„H,„+,I  =  Hg<J'°"»+' 

B   2 
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357.  Le€ul  Methyl  Compounds, — On  adding  to  perfectly  dry 
plumbic  chloride,  contained  in  a  distillation  apparatus,  filled  with 
dried  carbonic  anhydride,  a  quantity  of  zinc  methyl  insufficient  for 
complete  decomposition,  metallic  lead  separates,  and  on  distillation 
pkmh'tetramethylj  Pb(CH3)4,  passes  over  as  a  colourless,  mobile  liquid, 
boiling  at  110®.  The  sp.  gr.  is  2-034  at  0°,  its  found  vapour  density 
at  130®  =  9*52  (theoretical  9*25).  It  is  insoluble  in  pure  water,  but 
readily  in  alcohol  and  ether ;  it  is  not  affected  by  atmospheric  oxygen. 

If  plumbic  tetramethyl  be  boiled  for  some  time  witli  hydrochloric 
acid  there  sqKkrates,  on  cooling,  long  silky  needles  of  phmib-trimethyl 
chloride,  Pb(CH3)301,  which  can,  when  dry,  be  sublimed  in  a  small 
glass  tube. 

By  the  decomposition  of  plumb-tetramethyl  by  careful  addition  of 
iodine,  phtmb-trimethyl  iodide,  Pb^CHj)^!,  is  obtained  in  colourless 
needles,  UtUe  soluble  in  water,  readily  in  boiling  alcohol.  If  this  be 
distilled  with  solid  potassic  hydrate,  an  oil  smelling  like  mustard 
passes  over,  which  solidifies  to  strongly  alkaline  prisms,  probably  of 
phmth-trvinethyl  hydrate,  Pb(CH3)3.0H. 

358.  Lead  Ethyl  Compotmda. — Plurnb-tetrethyl,  Pb(C2H5)4,  is 
usually  prepared  by  decomposition  of  plumbic  chloride  with  zinc  ethyl, 
and  distillation  in  vacuo  of  the  liquid  poured  off  the  precipitated  lead.  It 
is  a  colourless  liquid  of  1*62  sp.  gr.,  boiling  with  partial  decomposition 
at  above  200°.  When  heated  in  the  air  it  burns  with  an  orange- 
coloured,  green-mantled  fiame.  Boiled  with  hydrochloric  add,  it 
gives  phtmb-triethyl  chloride,  Pb(C2Hg)3Cl,  with  evolution  of  ethane, 
and  reacts  with  iodine  to  form  the  respective  iodides  : 

Pb(C3H3),  +  I3  =  Pb(C,H3)3l  +  C3H3I. 

Both  haloid  compounds  crystallise  in  needles,  are  volatile,  and  smell 
like  mustard  oil.  When  distilled  with  solid  potassic  hydrate,  plumb- 
triethyl  hydrate,  Pb(C2H5)3.0H,  passes  over  as  an  oily,  strongly 
alkaline  liquid,  of  powerful  odour,  which  solidifies  on  cooling  to  a  mass 
of  interlaced  needles.  Plumb-iriethyl  sulphate,  rPb(C2H5)3]2S04, 
separates,  on  neutralisation  of  an  aqueous  solution  of  the  hydrate  with 
sulphuric  acid,  in  difficultly  soluble,  hard,  brilliant  octahedra. 

359.  Phrnib-tetrieoamiyl,  Pb(C5H|i)4,  is  obtained,  by  action  of 
isoamylic  iodide  upon  lead-sodium  alloy,  extraction  of  the  product  with 
ether,  and  evaporation  of  the  filtered  solution,  as  a  yellow  oily  liquid 
which  cannot  be  distilled  unaltered.  Plumbic  triieoamyl  iodide, 
Pb(03Hii)3l,  prepared  from  this,  crystallises  in  colourless  needles. 
The  hydrate  and  chloride  are  also  known. 

Aluminium  Compounds  of  the  Alcx)hol  Eadicals. 

360.  On  heating  aluminium  filings  with  ethylic  iodide  in  sealed 
glass  tubes  to  130°-150°,  there  is  obtained  a  thick  liquid,  spon- 
taneously inflammable  in  air,  and  decomposed  by  water  with  explosive 
violence.  This  results  from  the  direct  union  of  the  metals  with  the 
components  of  the  ethylic  iodide,  and  without  doubt  has  the  composi- 
tion Al3(C3 £[5)313.  Pure  aluminium  ethyl  cannot  be  obtained  by 
distillation  from  this,  the  liquid  distilling  over  invariably  containing 
some  iodine. 

Organo-aluminium  bodies  can  be  obtained  in  a  state  of  purity  by 


i 
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100°,  and  on  cooling  becomes  ciystalline  again.  From  its  aqueous 
solution  metallic  chlorides  precipitate  mercury  ethyl-chloride ;  alkalies 
produce  no  precipitate. 

363.  Ethyl  Compounds, — Mercury  diethyl,  Hg(C2H5)2,  is  prepared 
like  the  methyl  compoimd,  and  shows  similar  properties.  It  is  a 
liquid  of  sp.  gr.  2*44  and  boiling  at  159°.  The  vapour  density  is 
9*97.     At  200°  its  vapour  decomposes  into  mercury  and  butane. 

0  TT 
Mercury  ethyl-chtoride,  Hg<[p?    ^,  prepared,  amongst  other  me- 
thods, by  mixing  solutions  of  mercury  diethyl  and  mercuric  chloride  : 

Hg(C,H5),  +  HgCl,  =  2Hg(OjH8)Cl, 
forms  white  silvery  needles. 

Mercury  ethyl-iodide,  Hg<[j  ^    *,    obtained    from    mercury    and 

ethylic  iodide  in  diffused  daylight.  By  direct  sunlight  it  is  decom- 
posed into  mercury  and  butane  (together  with  some  ethane  and 
ethylene). 

By  tx^eatment  of  the  haloid  compounds  with  moist  argentic  oxide, 

mercury  ethyl-hydrate,  Hg<[[A|x  ^,  goes  into  solution,  and  is  left  on 

evaporation  as  a  strongly  caustic  alkaline  liquid,  which  precipitates 
most  metals  from  their  salts  as  hydrates  and  yields  crystalline  salts 
with  acids. 

364.  Mercury  dipropyl,  Hg(CH2.CH2.CH3)2,  boils  at  189°-19P 
and  has  sp.  gr.  2*124  at  16°. 

Mercury  diisobutyl,  Hg(C4H9)2,  distils  between  205°-207°;  sp.  gr. 
1-835  at  15°. 

Mercury  diisoamyl,  Hg(C5H,  1)2,  is  readily  obtained  from  a  mixture 
of  isoamylic  iodide,  acetic  ether,  and  sodium  amalgam.  It  is  a 
colourless  liquid,  cannot  bo  distilled  unchanged,  is  insoluble  in  water, 
has  sp.  gr.  1  -66,  and  gives  with  iodine  crystalline  plates  of  mercury 
isoamyl  iodide,  Hg(C5Hn)I. 

Zinc  Compounds  of  the  Alcohol  Kadicals. 

365.  On  submitting  gi*anulated  zinc  for  a  long  time  to  the  action 
of  alky  lie  iodides  with  exposure  to  light,  then,  as  with  other  metals, 
bodies  of  the  formula  Zn(C^nH2n+i)I  result.  The  same  change  occurs 
on  heating,  only  goes  fui-ther,  so  that  in  sealed  tubes  zinc  and  paraffins 
(as  di-radicals)  are  formed  (§  150),  some  zinc  compound  of  the  alcohol 
radical  being  formed  at  the  same  time.  The  zinc  compound  is  ob- 
tained in  larger  quantity  when  anhydrous  ether  is  mixed  with  the 
alkylic  iodide  and  the  mixture  heated  with  zinc  in  sealed  tubes  to 
130°-150°. 

After  cooling  the  tube  is  carefully  opened,  when  gaseous  products 
(paraffins,  &c.)  escape.  By  gentle  warming  the  ether  is  expelled,  and 
the  residue,  consisting  mainly  of  the  iodo-zinc  compound,  distilled  in  a 
stream  of  carbonic  aiiliydride,  decomposition  occuning  as  shown  by  the 
equation  : 

2Zn(CnH2„+,)I  =  Znl2  +  Zn(CnH2n+i)2. 
Organo-zinc  compoimds  may  also  be  obtained  by  heating  the  alkyl 
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nac  filings  in  presence  of  a  small 
employed  reeembling  that  next  de- 


haloid  with  granulated  zinc  i 
quantity  of  iodine,  the  apparati 
Bcribed. 

The  organo-zinc  compounds  are  also  obtained  by  employmeat  of  an 
alloy  of  zinc  and  sodium.  To  prepare  this,  zinc  is  heated  in  a  Hessian 
cmcible  until  it  voIatiliHes  freely,  andone-fourthof  its  weight  of  sodium 
staired  in.  After  the  combination  o£  the  metals  the  crocible  is  re- 
moved &om  the  fire,  filled  with  dry  sand  to  prevent  contact  with  air, 
and  then  cooled.  When  cold,  the  crucible  is  broken,  and  any  sodium 
adhering  to  ^e  regulus  cut  off,  and  the  last  traces  removed  by  treat- 
ment with  water.  The  well-dried  metallic  mass  is  then  coarsely 
powdered  and  preserved  in  well-stoppered  glass  vessels. 


Thealloyia  placed  in  the  flask  A  (fig.  IS),  heated  by  a  water  l>ath,  and 
warmed  for  a  lone  time  with  an  equal  weight  of  the  alkylic  iodide.  The 
flask  is  connected  with  an  inverted  condenser  B,  in  which  the  evolved 
vapours  are  condensed  and  flow  back  into  the  flask.  The  condenser 
tube  has  at  its  upper  end  a  small  set  of  bulbs  c,  in  whose  bend  a  small 
quantity  of  mercury  prevents  access  of  air  whilHt  allowing  the  escape 
of  any  gas  evolved.  Previoaa  to  heating  the  ingredients  the  whole 
apparatus  is  filled  with  carbonic  anhydride  by  means  of  the  tapped 
tube  a,  and  the  tap  then  closed. 

After  comple^on  of  the  reaction  the  flask  is  connected  with  a 
condenser  placed  in  the  usual  way,  whose  lower  end  is  connected  with 
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a  reoeiver  provided  with  a  mercury  valve  similar  to  that  above 
described.  The  zinc  compound  in  the  flask  formed  according  to  the 
equation : 

ZnNaj  +  2ICnH2„+i  =  2NaI  +  Zn(CnH2„+i)2, 

is  then  distilled,  a  current  of  dry  carbonic  anhydride  passing  through 
the  tube  a. 

Finally,  the  organo-zinc  compounds  are  obtained  by  heating  the  cor- 
responding mercury  compounds  with  zinc  filings  to  100°-130°.  The 
separated  mercury  amalgamates  with  the  excega  of  zinc  : 

Hg(CnH2n+i)2  +  Zn^  =  HgZn  +  Zn{CnH^n+^)^. 

The  product  is  then  distilled  in  a  stream  of  carbonic  anhydride. 

8(S6.  The  zinc  organo  compounds  are  colourless,  peculiarly  smelling 
bodies,  which  oxidise  in  air  with  evolution  of  fumes  and  mostly  with 
spontaneous  inflammation.  They  bum  with  a  bluish  green  flame  and 
formation  of  thick  fumes  of  zincic  oxide.  If  the  oxidation  be  mode- 
rated by  allowing  the  ethereal  solutions  to  remain  in  imperfectly  closed 
vessels,  two  oxidation  products  are  formed  by  the  oxygen  atoms 
placing  themselves  between  the  zinc  and  the  alcohol  radical — namely, 
first  according  to  the  equation  : 

2Zn<^°^2^+»  +  Oa  =  2Zn<^-^^>'^+» 

and  on  fui*ther  oxidation : 

2Zn<^'^^2n+i  +  Oa  =  2Zn<^'^'»^a»+» 

The  latter  compounds  decompose  on  contact  with  water  into  alcohols 
and  zincic  hydrate  : 

Zn(O.C„H2„+02  +  2H2O  =  Zn(OH)a  +  2HO.CnH2n+i. 

The  unoxidised  compounds  also  i*eact  on  water  with  explosive  violence, 
yielding  paraflins  (hydrides  of  the  alcohol  radicals)  (§  149)  : 

Zn(CnH2^+ 1)2  +  2H0H  =  Zn(0H)2  +  20^^^^  +  ^. 

Like  oxygen,  sulphur  unites  directly  with  them,  forming  zinc  mer- 
captides : 

Zn<n'*52"+*  +  2S  =  Zn<a^'»^'»"  +  » 

With  the  haloid  compounds  of  the  alcohol  radicals  they  give, 
especially  on  heating,  zinc  haloids  and  paraflins  (di-radicals)  (§  150)  : 

Zn(CaH2n+  O2  +  2Cn'H2n'+  ,1  =  Znl^  -f-  2  I 

Free  halogens  yield,  by  a  very  violent  reaction,  zinc  haloids  and  alkylic 
haloids: 

Zn(C„H2n  +  i)2  +  2Br2  =  ZnEr^  -h  2CnH2„  +  iBr. 

Their  employment  in  the  preparation  of  tertiary  phosphines  (§  297) 
of  organo-metallic  bodies,  and  of  tertiary  alcohols  (§  163),  has 
already  been  mentioned. 

Ethereal  solutions  of  these  zinc  compounds  absorb  sulphnrona 
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anhydride  and  nitric  oxide  gases  with  formation  of  crystalline  salts  of 
peculiar  acids,  of  which  the  sulphur  adds  have  already  (§  252) 
been  noticed. 

867.  Zinc  methylf  zinc  dvmethyl^  Zn^^u-'*  is  usually  prepared 

3 

by  heating  mercury  dimethyl  with  zinc,  further  by  heating  methylic 
iodide  with  zinc-sodium  alloy  or  with  powdered  zinc  in  sealed  glass 
tubes  at  100®.  It  is  a  colourless,  strongly  refractive,  extremely  un- 
pleasant smelling  liquid,  of  sp.  gr.  1*386  at  lO'O®,  which  boOs  at  46°. 
Mixed  with  ethylic  ether,  it  yields  between  51°  and  57°  a  liquid  which 
cannot  be  separated  by  fractional  distillation  and  whose  proportional 
composition  is  represented  by  the  formula  2Zn(CH3)2,(C2H5)20. 

On  addition  of  some  methylic  alcohol  to  2dnc  methyl  there  is 
formed,  a<KX)rding  to  the  equation 

Zn<gg«  +  HO.CH3  =  CH,  +  Zn<g5|j^ 

Zirhc  methyJrmethylate  as  a  white,  spongy,  somewhat  crystalline 
mass.  If  excess  of  methylic  alcohol  be  employed,  solid  zinc  dimethy- 
late  is  obtained.     Zinc  methyl  inflames  in  air. 

368.  ZvM  ethyl,  zinc  diethyl,  Zn{fj^^)^,  completely  resembles 
the  methyl  compound,  has  sp.  gr.  1'182,  boils  at  118°,  and  has  a 
vapour  density  of  4*26.  In  ethereal  solution  it  absorbs  two  molecules 
of  nitric  oxide  gas,  and  yields  large  colourless  crystals,  in  which  one- 
half  of  the  ethyl  is  still  united  with  zinc : 

Z^CaHj),  +  N2O2  =  C2H5.N202.(ZnC2H5). 

The  action  of  water  causes  ethane  to  be  evolved,  whilst  the  basic 
zinc  salt  of  dvnitro-ethylic  acid  results : 

C2H6N202(ZnC2H5)  +  HjO  =  C2H6  +  C2H5N202(Zn.OH), 

frx>m  whose  solution  one-half  of  the  zinc  can  be  precipitated  by  means 
of  carbonic  anhydride : 

2C,H6.N202.Zn.OH  +  CO2  =  ZnCOj  +  H2O  +  (C2H5N202)2Zn. 

From  the  soluble  neutral  zinc  salt,  other  salts  of  dinitro-ethylic 
acid  can  be  prepared  by  double  decomposition : 

(C2H5N202)2Zn  +  Na2C03  =  ZnCOa  +  2C2H5N202.Na. 

They  are  all  difficultly  crystallisable,  and  when  heated  in  the  dry  state 
explode  violently.  By  treatment  of  dinitro-ethylic  acid  or  its  salt 
with  nascent  hydrogen,  equal  molecules  of  ethylamine  and  ammonia 
are  obtained : 

C2H5N2O2H  +  8H  =  C2H5.NH2  +  NH3  -f.  2H2O. 

Therefore  the   constitution  of   the  add   is   best  expressed  by  the 

formula : 

O 

O2H5.N— 0— N.OH  or  CaHft.l^N.OH. 

869.  Zim  dipropyl,  Zn(CH2.CH2.CH3)2,  boils  at  146°  and  is 
■pontaneously  inflammable. 
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Zine  diiaobutifl,  Zn(C4H9)2,  boils  between  185°  and  188°. 
Zinc  diisoamylf  Zn(C5Hii)2,  is  liquid,  has  sp.  gr.  1*022,  boils  at 
220°,  and  fumes  in  the  air  without  inflaming  spontaneously. 


Other  Metallic  Compounds  op  the  Alcohol  Radicals. 

870.  Magnesium  diethyl^  Mg. (02115)2,  is  obtained  as  a  volatile 
liquid,  smelling  like  garlic,  when  magnesium  filings  are  digested  with 
etiiylic  iodide  in  absence  of  air.  There  is  first  formed  solid  magnesium 
ethyl  iodide : 

Mg  +  C2H5I  =  Mg<J^«^« 

which  on  strong  heating  in  vessels  filled  with  carbonic  anhydride 
leaves  a  residue  of  magnesic  iodide,  whilst  liquid  magnesium  diethyl 
distils  over. 

Miiyneavwin  diethyl  inflames  spontaneously  in  air,  and  is  decom- 
posed with  explosive  violence  by  water  into  magnesic  hydrate  and 
ethane.  Magnesium  dimethyl  is  entirely  similar  in  preparation  and 
properties. 

371.  Compounds  of  the  alkali  m^taU  with  the  alcohol  radicals 
cannot  be  obtained  in  the  isolated  state ;  they  are  undoubtedly  formed 
by  the  action  of  sodium  or  potassium  on  organo-zinc  compounds, 
zinc  being  separated  even  at  ordinary  temperatures  : 

Zn(C2H5)2  +  Na2  =  Zn  +  2NaC2H6. 

The  resulting  liquid  crystallises  at  low  temperatures,  but  invariably 
contains  much  unaltered  zinc  compound,  and  is  at  once  converted  by 
water  into  ethane,  zindc  hydrate,  and  sodic  hydrate : 

NaCjHs  +  H2O  =  NaOH  +  C2H6. 

Sodium  ethyl,  when  mixed  with  ethylic  iodide,  yields  sodic  iodide 
at  ordinary  temperatures,  but  does  not  give  diethyl  (butane),  but  a 
mixture  of  ethylene  and  ethane  : 

NaCaHfi  +  IG2H5  -c  Nal  +  CaHg  +  C2H4. 

372.  Compounds  of  thallium  and  tungsten  with  ethyl  are  also 
known,  but  the  metals  are  not  united  by  all  their  bonds  to  ethyl,  but 
in  part  also  to  negative  elements.  Amongst  such  bodies  are  chloride, 
nitrate,  and  sulphate  of  the  strongly  positive  monacid  radical  thallium 
diethyl,  T1(C2H5)2C1,  T1(C2H,)2.0.N02,  [Tl(C2H5)2]2SO„  &c.  Tung- 
sten gives  with  methylic  iodide  tungsten  trimcthyl  iodide,  W(CH3)3l, 
crystallising  in  colourless  tables. 
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Derivatiyes  of  the  Diad  Radicals,  CnHan- 

878.  The  replacement  of  two  of  the  hydrogen  atoms  of  a  paraffin 
by  other  elements  yields  compounds  of  the  diad  hydrocarbon  nucleus 
CnH]n.  It  has  already  been  pointed  out  (§  143)  that  three  different 
groups  are  thereby  formed,  which  are  named  respectively  after  their 
simplest  oxygen  compounds. 

374.  1.  Aldehyde  Derivatives, — In  these  the  substitution  has 
taken  place  on  a  single,  terminal  carbon  atom  of  the  nucleus.  The 
simplest  oxides  are  Uie  aldehydes : 


A 


H 

the  first  oxidation  products  of  the  primary  monacid  alcohols  (§  160). 
The  names  of  their  hydrocarbon  radicals,  CnHjn  +  i-CH,  are  derived 
fix>m  those  of  the  radicals  CnH2n  +  i  by  addition  of  the  terminal 
disyllable  'idene.'  Thus  from  ethyl,  CHs.CHs,  there  is  formed 
ethyl-idene,  CH^.CH.  The  general  name  alkyl-idenes  is  applied  to 
the  whole  group. 

875.  2.  Ketone  derivatives  result  when  both  substitution  positions 
are  on  one  and  the  same  intermediate  carbon  atom.     The  oxides 


CnHja  + 1 

CO 

in 

are  termed  ketones,  and  are  formed  by  oxidation  of  secondary  alcohols 
(§  160). 

876.  3.  Olyool  derivatives  are  obtained  by  substitution  of  hydix)gen 
atoms  united  to  different  carbon  atoms.  In  the  glycols  or  diacid 
alcohols  they  are  replaced  by  OH.  The  first  member  of  the  series  is 
a  dicarbonide 

CH2.OH 


k 


JH2.OH 
a  diprimary  alcohoL     With  greater  carbon  contents  there  occur  in 
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addition  also  primary-secoiidaiy,  disecondary,  primary-tertiary,  diter- 
tiaiy,  Ac,  glycols : 

CM3  CH3  01130113  OXI3OXX3 

CH.OH  CH.OU  0— OH  C.OH 


CH,. 


OH  OH.OH  OH2.OH  O.OH 

/\ 
OH3  OH3OH3 

Primaiy-flecOTKlAiy        Dii«econdary  Primary-tertiary  Ditcrtiary 

Glycols. 

If  the  sabfititntion  positions  are  on  neighbouring  carbon  atoms  the 
free  radicals  can — by  double  union  of  the  two  carbon  atoms — occur  as 
free  molecules.  These  are  the  hydrocarbons  of  the  formula  OnHjn. 
whose  names  are  derived  from  those  of  the  alcohol  i^adicals  by  affixing 
the  terminal  syllable  '  eno; '  as  OH2 :  OH2,  ethylene ;  OH3.OH :  OH 2, 
propylene,  &c. 

877.  In  all  three  categories  the  diad  ludicals,  OnHjn,  can  be  imited 
with  two  dissimilar  monad  elements  or  radicals.  There  thereby 
result  complications  which  do  not  occur  in  the  compounds  of  the 
monad  alcohol  radicals.  There  ia,  for  instance,  a  chloro-hydiute, 
OaH4.01(OH),  between  the  chloride,  C2H4CI2,  and  the  hydiute, 
02H4(0H)2.  Notwithstanding  the  numerous  theoretical  possibilities, 
the  number  of  compounds  of  the  diad  radicals,  OnHan*  actually  known, 
is  far  smaller  than  that  of  the  alcohol  radical  compounds. 

Aldehyde  Derivatives. 

Compounds  of  the  Alkylidene  Hadicals,  OnH2n  +  i.CH  :. 

878.  In  the  aldohyde  derivatives  two  of  the  hydrogen  atoms  of  a 
single  primarily  united  carbon  atom  of  a  paraffin  have  been  replaced 
by  other  elements  or  compound  radicals. 

Halogen  Compounds  0/ the  Aldehyde  Radi4Xils. 

379.  Of  the  halogen  compounds  of  the  aldehyde  radicals  several 
chlorides,  CniH2m+ i-^'HCl^,  and  bromides  are  known,  but  only  a 
single  iodide. 

The  chlorine  compounds  can  l>e  prepared  dii-ectly  from  the 
paraffins  and  tlieir  [)riiiiary  mouochlor  deiivatives.  The  replace- 
ment of  a  second  atom  of  hydrogen  by  chlorine  o<*curs  mainly  in  the 
immediate  neighbourhood  of  the  chlorine  atom  onginally  present : 

^n'H2n'+  1  ^n'H2n'+  i 

I  +  CI2  =  HCl  +     I 

CH2.CI  CHOla 

but  other  products — especially  define  dichlorides — are  always  formed. 
In  working  with  ethylic  chloride,  for  instance,  the  reaction  occurs  to 
a  much  greater  extent  accoixling  to  the  equation : 

CJI3  OH3 

I  +  OI2  =  I  +  HOI, 

OH2OI  OHOl, 
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tban  aooording  to  the  equation : 

Cxl.3  CxIq.GI 

Another  method  of  preparation  of  these  compounds  consists  in  hring- 
ing  the  respective  aldehydes  into  reaction  with  phosphoric  penta- 
ohloride : 


+  PCI,  =  poaa  + 

CHO  CHClj 

and  sepai'ating  the  products  hy  fractional  distillation  or  hy  converting 
the  phosphoric  oxychloride  into  phosphoric  acid  by  addition  of  water, 
separating  the  oily  chloride  from  the  aqueous  solution,  and  rectifying 
it  alone. 

880.  Methene  Haloids, — Methene  diMoride,  CH2CI2,  is  formed  by 
the  action  of  chlorine  on  methylic  chloride  : 

CHaCl  +  Clj  =  HCl  +  CHaClj, 

and  is  therefore  the  second  chlorine  substitution  product  of  methane, 
dichlor  metliane.  It  is  more  commonly  prepared  by  placing  methylic 
iodide  in  a  retort,  covering  with  water,  and  then  passing  chlorine 
through  the  tubulus  into  the  liquid.  The  very  volatile  methene  di- 
chloride  collects  in  the  i^eceiver,  which  must  be  kept  weU  cooled, 
whilst  iodine  is  left  in  the  retort  : 

2CH3I  +  3a,  =  2CH2CI2  +  I2  +  2HC1. 

Afber  drying  over  calcic  chloride  and  rectifying,  methene  dichloride  is 
a  colourless  liquid  of  sweet,  penetrating  odour,  nearly  insoluble  in 
water,  boiling  at  41°,  and  having  sp.  gr.  1*344. 

The  same  method  may  be  applied  to  the  formation  of  methene  di- 
bromide,  according  to  the  equation  : 

2CH8I  +  3Brj  =  2CH2Br2  +  2HBr  +  Ij. 

It  fomiB  a  heavy  liquid,  boiling  at  80°- 82°  and  of  sp.  gr.  2*084  at 
11*5°. 

Methene  diiodide,  CH2l2»  is  a  colourless,  sweet-smelling  oil  of  sp. 
gr.  3*345,  which  boils  at  182°  and  solidifies  in  the  cold  to  brilliant 
leafy  crystals,  melting  at  -f  6°.  The  vapour  density  is  9*55.  It  is 
insoluble  in  water  and  will  not  moisten  glass. 

It  is  obtained  by  distilling  iodoform  with  an  alcoholic  solution  of 
potassic  hydrate,  the  alcohol  being  converted  into  various  oxidation 
products  by  the  oxygen  evolved  : 

CHI3  +  KOH  +  KI  +  CH2T2  +  O; 

also  by  heating  iodoform  for  several  hours  with  the  most  concentrated 
aqueous  hydriodic  acid  at  125°-150°  : 

OHIj  +  HI  =  CH2I2  +  I2 ; 
by  heating  chloroform  with  hydriodic  acid  : 

CIICls  +  4HI  +  CH2I2  +  I2  +  3HC1 ; 
(compare  §  149);  or  by  heating  iodoform  alone  in  sealed  tubes  to  150°, 
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wben  miudi  methene  diiodide  is  formed  in  addition  to  other  products 
not  yet  investigated. 

S81.  JBthylidene  UcUoid  Compounds, — Ethylidene  diMoride  : 

CJH4CI2  or  CH3.CHCI2, 

18  obtained  by  the  action  of  chlorine  gas  when  exposed  to  light  on 
ethjlic  chloride,  together  with  ethylene  dichloride  and  further  sub- 
stitution products  (§  377),  from  which  it  must  be  separated  by  frac- 
tional distillation.  It  is  also  formed  by  the  action  of  phosphoric 
chloride  on  ethylic  aldehyde : 

CH3  CH3 

+  PCl5  =  POCl3+      I 

JHO  OHCI2 

and  is  a  colourless  liquid  of  chloroform-like  odour,  1*198  sp.  gr.,  and 
58®-59®  boiling  point,  which  is  insoluble  in  water. 

Ethylidene  dibromidey  CHs.CHBi'a,  is  formed  by  conducting  the 
vapour  of  ethylic  aldehyde  into  phosphoric  bromide,  a  liquid  being 
obtained  which  contains  ethylidene  dibromide  and  phosphoric  oxy- 
bromide ;  on  addition  of  ice  the  latter  is  converted  into  phosphoric 
acid  and  hydrobromic  acid,  from  which  the  ethylidene  dibromide 
separates  as  a  yellowish  oil.  It  in  also  obtained  by  the  action  of 
bromine  upon  ethylic  bromide  : 

CHa.CIIaBr  +  Brj  =  CHaCHBr,  -f  HBr, 

and  is  separated  from  other  products  formed  at  the  same  time  by 
fractional  distillation.  It  boils  at  114°.  It  is  very  i-eadily  decom- 
posed, water  on  gentle  heating  yielding  with  it  hydrobromic  acid 
and  probably  aldehyde. 

382.  Propylidene  dicfiloride,  CH3.CII2.CIICI2,  obtained  from  pro- 
pylic  aldehyde  and  phosphoric  chloride,  is  a  liquid  boiling  at  84°-87®, 
of  onion-like  odour. 

Isoamylidene  dichloride,  (CH3)2CH.CH2.CIICl2,  is  obtained  from 
isoamylic  aldehyde,  by  means  of  phosphoric  chloride,  as  an  oil  boiling  at 
130°  and  of  sp.  gi\  105  at  24°. 

Oxygen  Compounds  of  the  Aldehyde  Radicals, 

383.  As  already  mentioned,  the  anhydi'ous  oxides  of  the  aldehyde 

^mll2m+i 

radicals  are  termed  aldehydes.     The  dihydrates,   |  ,     corre- 

CH(0H)2 

spending  to  these  oxides,    I  ,  cannot  be  obtained  in  a  state  of 

Clio 
purity,  although  they  probably  exist  in  aqueous  solution.    On  mixing 
an  aldehyde  with  water,  heat  is  generally  evolved  and  a  diminution 
of  volume  observed,  probably  in  consequence  of  union  with  the  elements 
of  water : 

v/nirl2m+i  ^m"-2m+i 


+  H2O  =    I 

CHO  CH(0H)2 

Nevertheless  by  mere  distillation  these  hydrates  dissociate  into  water 
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and  aldehyde.  It  appears  that  the  grouping  of  several  hydroxyl 
groups  round  a  single  carbon  atom  is  invariably  accompanied  with 
but  small  intensity  of  union  and  with  a  strong  tendency  to  decompose 
into  water  and  anhydride.  But  these  polyhydrates  become  much 
more  stable  when  carbon  groups  rich  in  negative  elements  are  in  com- 
bination also.  If  ethyl  aldehyde,  CH3.CHO,  be  converted  into 
chloral,  CCI3.CHO,  the  latter  yields  with  water  chloral  hydrate, 
0C1,.CH(0H)2,  a  very  stable  body. 

As  two  oxynuclei  can  be  united  at  the  same  time  to  an  aldehyde 
radical,  oxides  and  salts  occur  of  the  general  formula  : 


i 


m*-^2m+  1 


JH(0R)2 
in  which  R  is  the  radical  either  of  an  alcohol  or  an  acid. 

The  Aldehydes. 

884.  The  aldehydes  are  generally  prepared  by  the  moderated 
action  of  ozone  or  oxidising  agents  upon  primary  alcohols  or  their 
ethers.  One  atom  of  oxygen  then  removes  from  the  primary  alcohol 
two  atoms  of  hydrogen  in  the  form  of  water  (therefore  the  name 
aldehyde,  abbreviated  from  alcohol  dehydrogenatum).  One  of  these 
hydrogen  atoms  is  from  the  hydroxyl  group,  the  second  from  one  of 
the  hydrogen  atoms  united  to  the  same  carbon  atom : 

I  /H  I  /H 

C^H        +  O  =  HjO  +  C^ 
X)H 

More  probably  the  first  action  is  the  direct  union  of  the  oxygen  so 
as  to  form  a  second  hydroxyl  group : 

CmHim+l  ^5111112111+1 

C^H      +  O  =  CA)— H 
X)H  X)— H 

which  then  decomposes  into  water  and  aldehyde : 

CniHjxn+i  ^m*l2in+l 

C^OH  =  H2O  +  C^ 
N)H 

885.  The  aldehydes  can  be  obtained  from  the  haloid  compounds  of 
their  radicals  either  directly  by  boiling  with  plumbic  hydrate : 

CniU  2m  + 1  CJn|H-2in  + 1 

+  Pb(0H)2  =  PbOla    +1  +H2O; 

JHCI2  CHO 

or  by  first  converting  into  the  acetate  by  means  of  potassic  acetate : 

Om-H-am  + 1  On|H2m  +  1 

I  +  2KO.C2H8O  =    I  -h  2KC1, 

CHCl,  CH(O.C2H30)2 


i 
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and  tlien  flapanifying.  In  this  latter  decomposition  the  alkali  must 
not  be  employed  in  excess,  as  it  very  readily  converts  the  aldehydes 
into  rednoiis  products,  whose  nature  has  not  yet  been  sufficiently 
made  oat. 

.  A  further  method  for  the  formation  of  the  aldehydes  of 
application,  is  from  those  acids  which  the  aldehydes  themselves 
yield  when  oxidised.  If  the  calcic  salt  of  such  an  acid  be  intimately 
mixed  with  calcic  formate  and  the  mixture  submitted  to  dry  distil- 
lation, caldc  carbonate  remains  behind,  whilst  the  aldehyde  distils 
over: 

0=0  0=0      +     0=0     0=0  =  2CaC03  +  20=0 

i Ca — 0  o^Ca— O  H 

The  aldehydes  appear  also  to  be  formed  without  exception  by  the 
action  of  sodium  amalgam  upon  a  mixture  of  the  acid  with  the  acid 
anhydride  or  acid  chloride.  These  decompositions  probably  occur  as 
in  tbe  following  equations : 

CniH2in+i 


0=0  +       O  +Na2  =  2C=0        +      0=0 

OK  0=0  ONa  H 

in 

Acid  anhydride. 
Cn|H2in  I- 1  ^mllam+l  ^mHam+i  OniH2in+i 

Cz=0         +    0=0       +  Naa  =  NaCl4-  CzirO  -f  0=0 

I  L  'I 

OH  01  ONa  H 

Acid  chloride. 

887.  The  aldehydes  are  generally  characterised  by  the  ease  of  their 
conversion  into  polymeric  modifications,  especially  yielding  tripled 
molecules.  Their  formation  may  be  explained  on  the  supposition 
ih&i  the  oxygen  atoms  of  the  aldehydes  unite  on  polymerisation  to 
the  carbon  atoms  of  two  molecules,  thereby  joining  the  molecules 
together.    This  may  be  shown  by  the  formula  : 

OniH2iii+i  ^mH.2m+l  ^-toll2m  +  i      OniIl2niJ.i 

I        J,  _    _  I    .    I 


H— 0=0  0— H  H— (J 0 0— H 

&  -    \  / 

0=0— H  \  / 

0— H 

-'mHjni+i 


i. 


^in"jm+i 
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On  heating  to  higher  temperataies  these  polymerised  aldehydes 
split  up  again  into  the  simple  molecules. 

38o.  The  aldehydes,  as  the  oomponnds  intermediate  between  the 
primary  alcohols  and  adds,  can  readily  be  oonyerted  into  either. 

By  treatment  with  nascent  hydrogen —by  sufficiently  energetic 
action  of  sodium  amalgam  upon  a  slightiy  acidulated  aqueous  solution 
of  aldehyde — ^two  atoms  of  hydrogen  are  combined,  and  the  primaiy 
alcohol  regenerated,  from  which  the  aldehyde  can  be  obtained  by 
oxidation : 

I  /H  \    M 

C^       +  2H  =  C^H 

The  aldehydes  aro  slowly  converted  into  adds  by  mero  ezposuro  to 
atmospheric  oxygen,  and  tlus  change  occurs  considerably  moro  quickly 
with  oxidising  agents : 

C=0  +  0  =  C=0 

H  OH 

The  action  of  argentic  oxide  is  especially  characteristic.  By  adding 
ammonia  to  aigentic  nitrate  until  the  argentic  oxide  first  predpitated 
is  redissolvedy  a  liquid  is  obtained  which,  when  added  to  aldehyde  at 
ordinary  temperatures,  but  moro  quickly  on  warming,  gives  a  deposit 
of  metallic  silver,  whilst  the  ammonic  salt  of  the  acid  romains  in 
solution : 

CmH.2m+  1  ^iiiH2in  + 1 

C=0         +  2NH,AgOH  =  C=0         +  Aga  +  H,0  +  NHj. 


I 

fl  6NH4 

If  the  aldehyde  is  misdble  with  water  the  silver  separates  in 
great  part  as  a  coherent,  mirror-like  film  on  the  sides  of  the  vessel.  If 
an  aldehyde  be  brought  into  contact  with  freshly  predpitated  argentic 
oxide,  the  argentic  salt  of  the  add  is  formed  : 

QmHaa+i.CO.H  +  3AgOH  =  C^H^+i.CO.OAg  +  Agj,  +  2H2O. 

In  detecting  or  purifying  aldehydes  use  is  made  of  their  com- 
binations with  the  alkaline  hydric  sulphites  and  with  ammonia  (see 
later). 

By  action  of  phosphoric  chloride  the  aldehydes  and  their  polymers 
are  converted  into  the  dichlorides  of  the  radicals  (§  379). 

Formic  Aldehyde,  or  Methene  Oocide,  CHjO. 

889.  M&thene  oxide,  methylic  aldehyde,  also  known  (as  the  aldehyde 
of  formic  add)  as  formic  oMehyde,  is  only  known  in  the  state  of 
vapour  and  in  aqueous  solution,  which  probably  contains  it  as  a  di- 
hydrate.    In  abeence  of  water  it  polymerises  with  great  readiness. 
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The  aqueous  solution  of  formic  aldehyde  is  most  readily  obtained 
by  oxidation  of  methylic  alcohol.  For  this  purpose  some  methylic 
alcohol  is  placed  on  the  bottom  of  a  tri-tubulated  WoulfiTs  bottle.  In 
one  of  the  side  necks  a  glass  tube  open  at  both  ends  is  placed  so  as  to 
dip  into  the  methylic  alcohol,  whilst  the  other  is  connected  with  a 
condenser,  this  with  a  receiver,  and  this  latter  attached  air-tight  to  a 
powerful  aspirator.  The  condenser  is  filled  with  ice-cold  water,  with 
which  the  receiver  is  also  surrounded.  When  the  aspirator  has  been 
set  working,  the  middle  neck  of  the  WoulfTs  bottle  is  closed  with  a 
stopper,  from  which  hangs  a  spiral  of  platiuum  wire  which  has  been 
heated  to  glowing.  A  powerful  stream  of  air  is  now  drawn  through 
the  open  tube,  which  bubbling  through  the  methylic  alcohol  becomes 
charged  with  its  vapour.  The  hot  platinum  wire  causes  the  oxidation 
of  the  vapour,  sufficient  heat  being  thereby  evolved  to  keep  the  wire 
at  the  necessary  temperature.  The  resulting  formic  aldehyde,  together 
with  water  and  unaltered  methylic  alcohol,  liquefy  in  tiie  condenser 
and  collect  in  the  receiver. 

The  distillate  has  a  penetrating  smell,  reduces  solutions  of  silver 
salts,  and  is  converted  into  a  yellow  oil  by  potassic  hydrate.  Formic 
aldehyde  has  not  yet  been  obtained  from  it  in  a  pure  state. 

If  the  liquid  be  evaporated  on  the  water  bath  the  greater  part  of 
the  aldehyde  is  evolved.  A  part,  however,  I'emains  as  a  solid  mass  of 
paramethyl  aldehyde. 

890.  Paromiethyl  aldehyde^  or  trimetkene  oxids,  formerly  known 
as  dioxy-methylene,  G^Ufi^,  can  be  obtained  in  the  following  ways, 
in  addition  to  the  one  given  above  : — 

It  is  obtained  directly  from  methene  diiodide  by  heating  with 
argentic  oxalate.  This  latter  must  be  mixed  with  twice  its  weight  of 
powdered  glass  in  order  to  moderate  the  i*eaction  : 

3OH2I2  +  SAgjCA  =  6AgI  -f  300^  -f  3C0  +  C3H6O3. 

In  well -cooled  condensers  paramethyl  aldehyde  separates  from  the 
stream  of  gases  in  the  solid  state. 

On  heating  methene  diiodide  with  argentic  acetate  and  acetic  add, 
methene  diacetate,  boiling  at  170°,  is  formed  : 

CH2I2  +  2AgO.C2H30  =  2AgI  -h  CH2(OC,H80)a ; 

from  which,  by  heating  with  water  at  100°  in  sealed  tubes,  paramethyl 
aldehyde  is  obtained : 

3CH2(O.C2H30)2  -f  3H2O  =  6HO.C2H3O  +  OaHgOj. 

It  is  obtained  most  readily  by  heating  glycollic  acid  with  concen- 
trated sulphuric  acid  in  a  retort  to  150°  : 

OH2.OH 
3  I  -f  3H2SO4  =  3(H2S04,H20)  +  3C0  -h  CaHeO,; 

CO.OH 

paramethyl  aldehyde  condenses  on  the  neck  of  the  retort. 

Paramethyl  aldehyde  is  a  colourless,  indistinctly  crystalline  body, 
insoluble  in  water,  alcohol,  and  ether.  Though  itself  odourless  it 
gives  the  penetrating  odour  of  formic  aldehyde  when  heated.     It 

s 
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sublimes  freely  at  100°,  melts  at  152°,  and  boils  at  a  slightly  higher 
temperature.  The  vapour  evolved  is  not  paramethyl  aldehyde,  but 
the  simple  formic  aldehyde.  On  cooling  it  polymerises  again.  The 
vapour  density  is  found  to  be  1*037,  whidi  corresponds  to  &  formula 
CHjO. 

That  paramethyl  aldehyde  is  correctly  represented  by  the  formula 
CsH^Oa  can  only  be  inferred  from  its  a^ialogy  with  parathio-methyl 
aldehyde,  into  which  it  is  readily  converted  by  hydric  sulphide,  and 
which  has  been  shown  to  possess  the  formula  CaHeSa. 

If  paramethyl  aldehyde  be  heated  with  much  water  to  1 30°-150°  in 
sealed  tubes  it  dissolves,  and  the  liquid  then  possesses  the  properties  of 
a  solution  of  formic  aldehyde.  In  presence  of  water,  therefore,  the 
change  into  the  polymeric  modification  does  not  occur,  probably  in 
consequenoe  of  the  solution  containing  not  CH3O,  but  the  dihydrate 
0Ha(OH)j. 

Baric  hydrate  solution,  on  boiling,  colours  paramethyl  aldehyde 
yellow,  and  the  liquid  then  contains  some  baric  formate. 

By  careful  addition  of  argentic  oxide  the  aqueous  solution  of  for- 
mic aldehyde  is  converted  into  formic  acid : 

CHaO  +  2AgOH  =  Agj  +  OHO.OH  +  HjO. 

Acetic  Aldehyde,  or  Ethylidene  Oxide,  C2H4O. 

89L  Acetic  aldehyde,  ethyUc  aldehyde,  or  simply  aldehyde,  is  the 
first  oxidation  product  of  ethylic  alcohol : 

CB.3  CHg 

I  +  O  =  H2O  +  I 

CH2.OH  CHO 

and  ethylic  ether 

OH,     OH,  OH, 

I  I        +  20  =  HaO  +  2  I 

CH2.O.CH2  CHO 

and  is  also  formed  in  smaller  quantity  in  the  oxidation  of  many  other 
bodies,  such  as  albumen,  sugars,  fermentation  lactic  acid,  kc. 

From  fermentation  lactic  acid  it  is  also  obtained,  together  with 
other  products,  by  dry  distillation  : 

OH, 

A  OH 

H.OH  =  00  +  HjO  +  I 
I  CHO 

CO.OH 

in  larger  quantity,  together  with  formic  acid,  by  heating  with  mode- 
rately concentrated  sulphuric  acid  to  150°  in  s^ed  tubes  : 

OH,  OH3 


CH.OH  =  CHO  +  H  (formic  acid) 

00. 


OH  CO.OH 
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Much  aldehyde  is  also  obtained  by  dry  distillation  of  an  intimate 
mixture  of  calcic  acetate  and  formate  : 

CH3  CH3     H  H  CH, 

I  I       +  i  I     =  SCaCOs  +  2  r 

CO.O.Ca.O.CO       CO.O.Ca.O.CO  COH 

892.  To  prepare  aldehyde  two  parts  of  80  %  alcohol  are  heated 
with  three  parts  of  manganic  dioxide  and  a  mixture  of  three  parts  of 
sulphuric  acid  and  two  parts  of  water,  and  the  vapours  condensed  by 
strong  cooling.  The  crude  distillate,  which  contains  several  other 
bodies,  such  as  acetal,  ethylic  acetate,  water,  and  unaltered  alcohol,  is, 
in  order  to  purify  the  aldehyde,  mixed  with  ether,  and  the  liquid 
saturated  with  dry  ammonia  gas.  Aldehyde  ammonia,  insoluble  in 
ether,  is  thereby  separated : 

CH3.CHO  +  NHg  =  CH3.CH(OH).NH2, 

in  crystals,  whilst  all  impurities  remain  in  solution.  The  crystals, 
after  washing  with  ether  and  drying  over  sulphuric  acid,  are  dissolved 
in  a  little  water,  mixed  with  dilute  sulphuric  add,  and  distilled,  when 
aldehyde  and  some  water  pass  over  : 

2CH3.CH(OH).NH2  +  H2SO4  =  (NH4)2S04  -f  2CH3.OHO. 

The  distillate  is  allowed  to  stand  some  time  over  fused  calcic 
chloride  and  then  rectified,  the  pure  aldehyde  being  collected  in  re- 
ceivers cooled  with  iced  water. 

Instead  of  manganic  dioxide,  pota&sic  dichromate,  in  pieces  about 
the  size  of  peas,  is  generally  used  as  the  oxidising  agent.  Fiileen 
parts  of  this  is  treated  with  a  mixture  of  ten  parts  of  alcohol  and 
twenty  parts  of  sulphuric  acid,  which  has  been  previously  diluted 
with  three  times  its  volume  of  water. 

The  reaction,  which  speedily  begins,  is  so  violent  that  the  liquid 
enters  into  ebullition.  As  the  accompanying  bodies  are  more  difficultly 
volatile  than  aldehyde,  it  is  usual  to  separate  them  from  the  latter  by 
partial  condensation  before  condensing  it  by  strong  cooling. 

For  this  purix>se  the  reaction  vessel  A  (fig.  20),  whose  volume  must 
be  four  times  that  of  the  mixed  ingredients,  is  connected  with  the 
lower  end  of  a  glass  worm  b  which  is  surrounded  with  water  of  60^. 
In  this  the  main  portion  of  the  accompanying  vapours  are  condensed 
and  returned  into  the  retort  A.  The  aldehyde  vapours  are  conducted 
from  the  upper  end  of  the  worm  tube  into  two  cylinders  c,  c,  containing 
anhydrous  ether,  and  surrounded  by  a  mixture  of  ice  and  salt,  in 
which  the  aldeliyde  liquefies.  At  the  end  of  the  reaction,  which  is 
completed  by  slight  heating  of  the  reaction  vessel  by  hot  water,  all 
the  aldehyde  is  found  mixed  with  ether  in  the  two  cylinders.  Dry 
ammonia  gas  is  now  paased  into  the  cylinders,  and  the  crystalline 
aldehyde  ammonia  treated  as  already  described  to  obtain  pure  alde- 
hyde. 

393.  Acetic  aldehyde  is  a  mobile  liquid  boiling  at  21°,  of  sp.  gr. 
*801  at  0°.  In  the  air  it  evaporates  with  great  celerity  and  large 
absorption  of  heat.  The  odour  is  peculiar,  and  when  strongly  diluted 
not  unpleasant.  The  vapour,  when  breathed  in  large  quantity,  pro- 
duces a  feeling  of  tightness  in  the  chest. 

82 


260      BXRITATIVE8  OF  THE  ALDEHTDE  BASIOAIA,  C.H„. 

The  vaponr  demnt)'  is  1-62. 

Acetic  aldehyde  mixes  in  every  proportion  with  vater,  alcohol, 
and  ether,  in  the  two  first  casea  with  considerable  evolution  of  heat. 

AqneonB  aldehyde  becoioee  rapidly  acid  on  ezpoBure  to  air,  being 
converted  by  that,  as  by  all  other  oxidising  agents,  into  acetic 
acid.  It  precipitaten  metallic  silver  &om  ammoniocal  silver  solutions, 
uomonic  acetate  being  formed  : 

0H,.0HO+  2NH^gOH=Agj  +  NH,  +  H,0  +  CH,.CO.O.NHt. 


By  trcBitment  of  the  slightly  acidulated  aquoous  solution  with 
■odium  amalgam  aldehyde  is  reconverted  into  othylic  alcohol : 

CH,  CHj 

I  +  2H  =    I 

CHO  CH,.HO 

bat  some  other  products  are  formed  at  the  same  time,  especially 
/J-hntylene  glycol. 

Phosphoric  chloride  converts  acetic  aldehyde  into  ethylidene  di- 
chloride  (§  381),  and  alkalies  form  from  it  a  yellow  resin  (aldehyde 
resin)  of  still  uncertain  composition. 

Sy  long  contact  with  aqueoos  hydrochloric  acid  aldehyde  is  con- 
verted into  aldol ;  by  heating  with  a  little  cincic  chloride  two  molecules 
of  aldehyde  condense,  with  elimination  of  a  molecule  of  water,  into 
orotonic  aideKyd«. 
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By  long  heating  at  180°  with  acetic  anhydride  in  sealed  glass  tubes 
aldehyde  is  converted  into  ethylidene  acetate : 

CH3  CH3 


+  0(C,H30)a  =   I 
COH  CH(O.C2H30)j 

This  is  a  colourless  liquid,  boiling  at  169°  and  not  miscible  with 
water,  but  which  on  heating  therewith  yields  aldehyde  and  two  mole- 
cules of  acetic  acid. 

Further  decompositions  of  ethylidene  oxide  will  be  mentioned 
later. 

894.  Chemically  pure  aldehyde  remains  quite  unaltered  in  air- 
tight vessels.  Small  quantities  of  acids  or  of  certain  salts  (as  zindc 
chloride)  cause  its  transformation  on  standing  into  two  polymeric 
modifications,  paraldehyde  and  nietaldehyde. 

At  ordinary  temperatures  paraldehyde,  triethylidene  trioxide, 
C6H12O3,  is  formed,  and  most  quickly,  and  with  great  evolution  of  heat 
and  diminution  of  volume,  when  a  drop  of  strong  sulphuric  add  is 
added  to  pure  aldehyde.  Zincie  chloride,  sulphurous  anhydride,  and 
hydrochloric  acid  similarly  cause  this  change  in  a  short  time.  In  order 
to  obtain  pure  paraldehyde  the  modified  aldehyde  is  cooled  by  a  fireez- 
ing  mixture,  and  the  crystals  formed  are  separated  from  the  portion 
remaining  liquid,  which  still  contains  unchanged  aldehyde. 

Pa/raMehyde  is  a  crystalline  solid  below  +10°,  and  melts,  when 
perfectly  pure,  at  10*5°.  At  15°  the  liquid  has  the  sp.  gr.  '998;  it 
boils  at  124°.  The  vapour  density  is  4*58,  being  three  times  as  great 
as  that  of  aldehyde. 

Paraldehyde  is  difficultly  soluble  in  water,  and  still  less  on  heating 
than  at  ordinary  temperatures.  By  strongly  superheating  its  vapour, 
and  then  condensing,  ordinary  aldehyde  is  obtained.  The  same  de- 
composition occurs  on  distillation  with  sulphuric  acid.  Phosphoric 
chloride  converts  it  completely  into  ethylidene  chloride ;  acetic  anhy- 
dride, on  heating,  into  ethylidene  acetate.  By  these  reactions  there  is 
no  doubt  that  the  combination  of  three  aldehyde  molecules  to  one 
molecule  of  paraldehyde  takes  place  according  to  the  formula : 

CXI3      CH3 

I       J 

H— C— O— C— H 

\^ 

V 
CH 


CH3 


395.  MetaMehyde  is  formed  by  the  action  of  somewhat  dilute 
sulphuric  acid,  sulphurous  acid,  caldc  chloride,  kc,y  at  temperatures 
below  0°,  and  separates  in  white  needles  or  prisms.  Sometimes  this 
modification  is  also  obtained  at  ordinary  temperatures  under  conditions 
still  unascertained,  but  there  is  invariably  only  a  small  portion  of  the 
aldehyde  transformed  into  metaldehyde.  From  the  portion  remaining 
liquid  it  is  separated  bv  decantation  and  suction.  It  is  insoluble  in 
water,  difiicultly  soluble  in  cold  alcohol,  ether,  carbonic  disolphide,  kQ. 
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It  sublimes  slowly  at  100°,  more  quickly  and  without  fusion  at  112°- 
115°.  At  the  latter  temperature  it  is  partly  converted  into  aldehyde, 
the  conversion  being  complete  on  heating  for  several  hours  in  a  s^ed 
tube.  Phosphoric  chloride  converts  it  into  ethylidene  chloride.  Its 
vapour  density  cannot  be  determined  on  account  of  its  ready  conver- 
sion into  C2H4O,  and  on  this  account  the  molecular  weight  of  metal- 
dehyde  remains  unknown.  It  probably  contains  more  than  three 
aldehvde  molecules  united  together  in  similar  manner  to  that  in 
paraldehyde. 

Higher  Aldehydes, 

396.  Propionic  cUdekydCf  or  propylidene  oxide,  CH3.CH2.CHO,  is 
prepared  by  oxidation  of  primary  propylic  alcohol  and  by  dry  dis- 
tillation of  a  mixture  of  calcic  propionate  and  formate.  It  is  a  mobile 
liquid,  of  suffocating  aldehyde-like  odour,  of  sp.  gr.  '8074  at  21°, 
and  boils  at  48'8°-49'5°.  It  is  no  longer  miscible  in  every  proportion 
with  water,  but  requii-es  five  volumes  of  the  latter  for  solution. 

897.  Butyric  aldehydes,  C^UgO,  Two  isomers  exist  corresponding 
to  the  two  primary  butylic  alcohols. 

formal  butyric  aldehyde,  or  butylidene  oxide,  CH3.CH3.CH2.CIIO, 
is  obtained  by  dry  distillation  of  calcic  normal  butyrate  and  formate  as 
a  liquid  of  penetrating  aldehydic  odour.  It  boils  at  75°,  has  sp.  gr. 
•834  at  0°,  and  dissolves  in  about  twenty-seven  parts  of  water.  It  is 
also  formed  in  small  quantity  in  the  oxidation  of  albuminoids  by  man- 
ganic dioxide  and  sulphuric  acid. 

CH 

laohutyric  aldehyde ,  or  isobutylidene  oonde,  Q-g-^^CH.CHO,  is  pre- 
pared by  oxidation  of  ten  parts  of  isobutyUc  alcohol  by  nine  and  a  half 
parts  of  potassic  bichromate  and  a  mixture  of  nine  parts  of  sulphuric 
acid  with  seventy-five  parts  of  water.  The  reaction  must  be  started 
by  gentle  heating,  and  then  completes  itself.  The  crude  distillate 
must  be  fractioned,  and  the  portion  passing  over  between  60°  and  80° 
shaken  with  a  concentrated  solution  of  hydric  sodic  sulphite.  A  com- 
pound of  this  latter  with  the  aldehyde  separates,  which  is  pressed  and 
distilled  with  solution  of  sodic  hydrate,  when  pure  isobutyric  aldehyde 
is  obtained.  It  is  also  prepared  by  the  dry  distillation  of  calcic  iso- 
butyrate  and  formate. 

laohutyric  aldehyde  is  a  colourless,  strongly  i*efractive  liquid  of 
penetrating  odour,  which  boils  at  61°-62°  and  has  sp.  gr.  "8226  at 
0°.     It  dissolves  at  20°  in  about  nine  times  its  weight  of  water. 

By  hydrochloric  acid,  or  somewhat  concenti'ated  sulphuiic  acid, 
as  also  by  addition  of  chlorine  or  bromine,  isobutyric  aldehyde  poly- 
merises with  evolution  of  heat  into 

Faraisobutyric  aldehyde,  which  crystallises  in  silky  needles,  re- 
crystallisable  from  water  and  alcohol,  and  melts  at  59°-60°.  The 
boiling  i)oint  is  194°,  the  found  vapour  density  7*256,  which  cori-e- 
sponds  to  the  tripled  molecule  C12H24O3,  whose  theoretical  vapour 
density  would  be  7'464.  At  200°  paraisobutyric  aldehyde  is  still  not 
reconverted  into  isobutyric  aldehyde. 

898.  Valeric  aldehydes,  CgHi  qO.  Four  of  these  bodies  are  possible, 
corresponding  to  the  primary  amyHc  alcohols ;  only  two,  however,  are 
known  as  yet. 
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Normal  valeric  aMehyde,  amylidene  oxide : 

CH3.CXI  2.01x2.0x1 2.CH0, 

is  obtained  by  dry  distillation  of  normal  calcic  valerate  with  calcic 
formate  as  a  liquid  boiling  at  about  102°  and  rer{uiring  more  than 
thirty  parts  of  water  for  solution.  Its  odour  is  very  similar  to  that 
of  the  following  compound. 

Isovaleric  Mehyde,  iaoamylidene  oxide^  or  valeral: 

^]^3N>cH.CH2.CHO, 

is  readily  obtained  from  fermentation  amylic  alcohol.  A  lukewarm 
saturated  solution  of  twelve  parts  of  potassic  dichromate  is  placed  in 
a  retort,  and  a  mixture  of  sixteen  parts  of  sulphuric  acid  with  eleven 
parts  of  isoamylic  alcohol  and  sixteen  parts  of  water  allowed  to  flow  in 
slowly  through  a  funnel  tube.  The  temperature  rapidly  increases  to 
that  of  distillation,  and  no  external  source  of  heat  is  requii'ed  till 
nearly  the  end  of  the  reaction.  The  vapours  passing  over  are  con- 
densed in  well-cooled  receivers,  and  yield  a  distillate  containing  besides 
valeral  some  isoamylic  alcohol,  isovaleric  acid,  isoamylic  isovalerate,  and 
much  water.  Potassic  hydrate  is  added  to  the  distillate  until  alkaline, 
with  shaking,  in  order  to  convert  the  add  into  the  potassic  salt.  The 
oil  collected  above  the  aqueous  liquid  is  then  poured  off  and  shaken 
for  a  long  time  with  a  concentrated  solution  of  hydric  sodic  sulphite. 
This  latter  combines  with  the  valeral  to  a  difficultly  soluble  com- 
pound, which  separates  in  brilliant  plates.  These  are  collected  on 
linen,  pressed,  washed  with  ether,  dried,  and  distilled  with  concentrated 
solution  of  sodic  hydrate,  whereby  valeral  is  regenerated. 

Isovaleric  aldehyde  is  a  colourless  liquid  of  suflocating  apple-like 
odour,  which  boils  at  92*5°  and  at  0°  has  sp.  gr.  '822.  By  oxidising 
agents  it  is  converted  into  isovaleric  acid. 

399.  NoTJfial  caproic  aldehyde,  CH3.OH2.OH2.CH2.CH2.OHO,  is 
obtained  by  the  dry  distillation  of  a  mixture  of  calcic  normal  caproate 
and  formate.  It  forms  a  colourless  liquid  boiling  at  127*9°  and  of  sp. 
gr.  -8498  at  0°. 

Another  caproic  aldehyde,  probably  (0113)2  :CH.CH2.0H,  is 
prepared  by  distillation  of  calcic  isocaproate  and  formate  as  a 
penetrating  but  not  unpleasant-smelling  liquid,  boiling  at  121  °.  It 
yields  with  nascent  hydrogen  a  hexylic  alcohol  boiling  at  150°. 

400.  (Enanthol,  or  ceiianthic  aldehyde,  C7H14O,  is  obtained  by  dry 
distillation  of  castor  oil,  the  distillate  being  shaken  with  hydric  sodic 
sulphite,  kc,  as  under  valei*al,  as  an  oily  liquid  of  peculiar  disagree- 
able smell,  which  boils  at  152°  and  has  sp.  gr.  "827.  As  already 
mentioned  (§  172),  this  is  probably  normal  cenanthic  aldehyde: 

OIi3.CH2.0H2»CB[2'OH2«OH200H. 

400a.  The  remaining  known  members  of  the  series  have  been 
prepared  by  dry  distillation  of  intimate  mixtures  of  calcic  formate 
with  the  calcic  salts  of  the  requisite  acid,  under  reduced  pressure 
(15-25  mm.)     They  are  : — 

Laurie  aldehyde,  Cj  1H23  OHO,  from  lauric  acid,  melts  at  44*5°  and 
boils  at  184°-185°  under  100  mm.  pressure.  It  forms  a  brilliant 
white,  odourless,  crystalline  mass. 
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400^.  Myristic  aldehyde^  C13H27.CHO,  fix)m  myristic  add,  melts 
at  62-5*'  and  boils  at  2U**-215*'  under  100  mm.  pressure. 

401.  Pahnitic  oMehyde,  C15H31.CHO,  from  palmitic  acid,  forms 
nacreous  leafy  crystals,  melting  at  58*5°.  Under  100  mm.  pressure  it 
boils  at  239°-240**.  By  oxidation  of  cetylic  alcohol  a  body  is  obtained 
melting  at  52°,  but  it  appears  doubtful  if  this  is  palmitic  aldehyde. 

401a.  Stearic  aldehyde,  CiyHag.CHO,  from  stearic  acid,  crystal- 
lises in  fine  crystal  leaves  with  bluish  shimmer;  it  melts  at  63*5°  and 
boils  at  259°-261°  under  100  mm.  pressure. 

0 

Ethereai  Campotmda  of  the  Aldehyde  Radicals. 

402.  The  polymeric  modifications  of  the  aldehydes  above  mentioned 
may  be  classed  amongst  these  compounds,  as  in  them  the  several 
aldehyde  radicals  are  held  together  by  oxygen.  In  the  true  sense, 
however,  the  term  is  restricted  to  compounds  in  which  aldehyde 
radicals  and  the  monad  alcohol  radicals  are  joined  together  by  oxygen, 
giving  bodies  of  the  general  formula : 


k 


IH(OCnH2n+i)2 

The  number  of  compounds  known  is  not  large,  only  those  of  methene 
and  ethylidene  having  been  prepared. 

They  were  first  obtained  by  incomplete  oxidation  of  the  respective 
primary  alcohols,  together  with  the  aldehydes,  one  oxygen  atom 
acting  on  three  alcohol  molecules  according  to  the  equation  : 

These  bodies  are  also  obtained  by  mixing  aldehydes  with  anhydrous 
alcohols,  especially  if  the  mixture  be  heated  to  100°  for  some  time : 

I  +2HO.C„H2„+i  =  H20+  ! 

CHO  CH(O.CnH2n+i)2 

By  limited  oxidation  they  are  first  converted  into  aldehydes  : 

^m-"-2iii  +  1  CniH2in  + 1 

I  +  20  =  H2O  +  3  I 

Cri(O.CH.2.Cii|H2in+ 1)2  CrlO 

403.  Methene  dimethylate,  methykU,  or  formal,  CH3(O.CH3)2,  is 
obtained  on  heating  methylic  alcohol  with  manganic  dioxide  and 
sulphuric  add,  and  ia  separated  from  the  crude  distillate  by  fractional 
distillation.  It  is  a  colourless  liquid  which  boils  at  42°  and  has  sp. 
gr.  '855.  The  vapour  density  is  2*625.  With  alcohol  and  ether 
formal  can  be  mixed  in  every  proportion  ;  it  dissolves  in  about  three 
times  its  weight  of  water.  On  saturation  of  its  aqueous  solution  with 
potaasic  hydrate  it  is  again  precipitated. 

404.  Ethylidene  dimethykUe,  CH3.0H^O.CH3)2,  is  found  in  crude 
wood  spirit,  and  is  prepared  by  oxidation  of  a  mixture  of  methylic  and 
ethylic  alcohols,  or  more  readily  by  heating  aldehyde  with  absolute 
methylic  alcohol.  It  is  liquid,  boils  between  63°  and  65°,  and  has 
sp.  gr.  '8674  at  1°  and  a  vapour  density  of  3*16. 
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EthyUd&M  meihylate-eihylatey  CHa.CH^Q'p,  A  ,  is  obtained,  to- 
gether with  the  foregoing,  by  oxidation  of  a  mixture  of  ethylic  and 
methylic  alcohols,  as  a  liquid  boiling  at  85°. 

405.  Etkylidene  ethylate,  ethylidene  diethylrether^  or  acetcU, 
OHjCH(O.CjH5)2,  is  formed  by  the  oxidation  of  ethylic  alcohol, 
and  is  contained  in  that  fraction  of  the  distillate  coming  over 
between  90°  and  110°.  By  saturation  of  the  liquid  with  calcic 
chloride  it  separates  as  an  oil  which  floats  on  the  surface,  and  i« 
purified  by  fractional  distillation.  It  is  obtained  more  readily  by 
heating  aldehyde  with  absolute  alcohol  to  100°.  Ethylidene  di- 
bromide,  when  treated  with  sodic  ethylate,  gives  in  part  aoetal : 

CHa.CHBra  +  2NaO.C2H5  =  2NaBr  +  CH30H.(O.OjH5)j. 

Ethylidene  dichloride,  on  the  other  hand,  yields  monochlor-ethylene 
by  similar  treatment : 

CH3.CHCI2  +  NaO.CaHg  •=  NaCl  +  HO.CjHs  +  CHaiCHa. 

Acetal  is  a  colourless,  mobile  liquid,  of  *821  sp.  gr.  at  22*5°,  which 
boils  between  104°  and  106°.  It  dissolves  in  eighteen  volumes  of 
water  at  25°,  but  is  less  soluble  at  higher  temperatures.  On  heating 
with  acetic  acid  it  gives  aldehyde  and  ethylic  acetate : 

CH3.CH(O.C2H5)2  +  2HO.CaH30  =  HjO  +  CH3.CHO 

+  2CaH5.0.C,H30. 

It  is  not  attacked  by  potassic  hydrate. 

SulphurotM  Acid  Compotmda  of  the  Aldehydes. 

406.  As  already  mentioned  (§  389),  the  aldehydes  unite  with  the 
hydric  sulphites  directly,  and  without  formation  of  bye  products, 
yielding  crystalline  compounds.  By  their  properties  these  appear  to 
be  double  sulphites  containing  the  positive  monad  radical 

Their  constitution  is  therefore  expressed  by  the  general  formula : 

CmHam+i 

CH.OH 


A 


.SOaNa 

They  are  readily  decomposed  by  basic  hydrates,  or  even  by  the  car- 
bonates of  the  alkalies,  aldehyde  being  again  formed  : 

2CH.0H      +  Na,C03  -  00,  +  2NaO.SOa.Na  +  2CH0 


A 


SOaNa 

The  action  of  acids  also  causes  the  decomposition  of  these  compounds 
into  salts  of  the  acids,  aldehyde,  and  sulphurous  acid. 
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The  hydric  sulphite  componnds  of  the  lower  members  of  the  series 
are  readily  soluble  in  water,  those  of  the  higher  members  difficultly 
soluble;  these  latter,  therefore,  serve  as  a  means  of  separating 
aldehydes  from  mixtures  with  other  bodies.  If  the  aldehydes  in  such 
mixtures  be  either  difficultly  soluble  or  insoluble  in  water,  they  must 
be  shaken  violently  for  a  long  time  with  saturated  solution  of  the 
alkaline  hydric  sulphite,  it  being  well  to  heat  the  mixture  previously. 

407.  EthyUdene-hydrate  metallic  sulphites,  or  aldehyde  metallic 
sulphites,  0H3.CH(0H).0.S0aM.  These  compounds,  which  are 
readily  soluble  in  water,  are  best  prepared  by  slow  addition  of  acetic 
aldehyde  to  well-cooled  saturated  solutions  of  the  acid  sulphites  of  the 
respective  metals,  until  the  Uquid,  after  standing  for  some  time  in 
closed  vessels,  smells  of  aldehyde.  From  the  solutions  so  prepared 
the  crystalline  salts  are  obtained  either  by  precipitation  with  strong 
alcohol  or  by  evaporation  in  a  dry  vacuum.  On  heating  alone  at 
100*^  they  decompose  into  aldehyde,  sulphurous  anhydride,  and  a 
neutral  sulphite. 

Ethylidene-hydrate  potassic  sulphite,  CH3.CH(OH).O.S02K, 
crystallises  in  tufts  of  needles  the  sodic  salt  CH3.CH(OH).O.S02Na, 
by  evaporation  in  fatty  plates,  by  precipitation  of  its  solution  by 
alcohol  in  satiny  needles.  The  ammonic  salt  prepared  from  aldehyde 
and  hydric  ammonic  sulphite  crystallises  in  small  needles,  which 
dissolve  in  six  times  their  weight  of  water  at  16^  and  in  the  dry  state 
are  not  decomposed  at  100°.  It  contaios  H^O  less  than  is  required 
by  the  formula 

CjH4(OH)O.S02NH4, 

and  corresponds,  very  likely,  to  one  of  the  fomlulffi 

OH3  CH3 

H— 0— NH3         or        H— C— NH3 

O— SO2  SO2.O 

probably  by  its  stability  at  100**,  to  the  last.  By  dissolving  baric 
carbonate  in  aqueous  sulphurous  acid  mixed  with  excess  of  aldehyde 
and  precipitating  the  filtered  solution  by  alcohol,  a  satiny  precipitate 
of  the  baric  salt  (CH3.CH(OH).0.802)2Ba  is  obtained. 

408.  In  the  case  of  the  remaining  aldehydes  generally  only  the 
compounds  with  hydric  sodic  sulphite  have  been  prepared.  The 
propionic  aldehyde  compound  is  readily  soluble ;  those  of  the  higher 
molecular  aldehydes  separate  on  shaking  with  concentrated  solution 
of  hydric  sodic  sulphite,  mostly  in  plates  of  silvery  lustre,  and  the  less 
soluble  the  richer  in  carbon  the  aldehyde  is. 

OxyMorides  of  the  Aldehyde  Radicals. 

409.  In  consequence  of  their  divalent  nature  the  aldehyde  radicals 
can  unite  with  two  different  elements,  such  as  chlorine  and  oxygen, 
which  latter,  being  diad,  can  still  unite  with  other  radicals.  Chloro- 
hydrates  are  not  known,  but  chlor  ethers  and  chlor  salts  exist. 

410.  Dimethene  chlor-oonde,  or  dichlor-meihyl  ether : 

CjH^ajO  =  ci.cH2.o.cH2.a, 
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is  formed  on  carefully  mixing  dimethylic  oxide  and  chlorine  gases  : 

(CH3),0  +  2CI2  =  (CHaCOaO  +  2HC1, 

and  is  separated  from  the  liquid  products  by  fractional  distillation. 
It  is  a  liquid  boiling  at  105°,  of  suffocating,  tear-exciting  odour,  of  sp. 
gr.  1*315  at  20°,  decomposed  by  water  into  hydrochloric  acid  and 
formic  aldehyde  or  paraformic  aldehyde : 

(CH2a)20  +  HjO  =  2HC1  -f  2CH2O. 

411.  Ethylidene  chloro-ethylate,  CH3.CHCI.O.C2H5.  If  hydro- 
chloric acid  gas  be  conducted  to  saturation  into  a  well-cooled  mixture 
of  aldehyde  with  twice  its  volume  of  absolute  alcohol,  the  liquid 
separates  into  two  layers,  of  which  the  upper  contains  ethylidene  chlor- 
eUiylate.  By  submitting  this  to  fractional  distillation  it  is  obtained 
as  an  oil  boHing  at  97°-98°,  which  at  every  distillation  is  partially 
decomposed  with  evolution  of  hydrochloric  acid. 

With  an  alcoholic  solution  of  sodic  ethylate  it  yields  acetal : 

CH3.CH<^|^  ^    +  NaO.CaH,  =  NaCl  +  CH3.CH  <g;g»g« 

The  same  body  is  also  obtained  by  the  action  of  chlorine  upon  ethylic 
ether,  whence  its  other  name,  monochlor-ethylic  ether  (§  207). 

412.  Diethylidene  ddar-odcide,  or  ethylidene  oxychloride  : 

CH3.CHCI.O.CHCI.CH3, 

is  formed  by  passing  hydrochloric  acid  gas  into  aldehyde  at  0°.  The 
liquid  divides  into  two  layers,  of  which  the  upper  is  decanted,  quickly 
dried  by  calcic  chloride,  and  heated  to  60°-70°,  whilst  a  stream  of 
carbonic  anhydride  is  passed  through  it  in  order  to  remove  any  un- 
altered aldehyde.  The  residue  is  then  fiuctioned,  and  the  portion 
distilling  between  116°  and  117°  collected.  Pure  ethylidene  chlor- 
oxide  is  liquid,  smells  at  once  of  aldehyde  and  hydrochloric  acid,  and 
has  sp.  gr.  1*1376  at  12°.  It  is  not  directly  miscible  with  water,  but 
is  soon  decomposed  by  it  into  hydrochloric  acid  and  aldehyde  : 

(CH3.CHC1)20  +  H2O  =  2HC1  +  2CH3.CHO. 

Its  formation  is  represented  by  the  equation  : 

CH3  CM3       CH3 

2  I  -I-  2HC1  =  H2O  +    I  I 

CHO  CHCLO.CHa 

It  is  isomeric  with  bichlor  ether  (§  207),  which  boils  at  145®. 

CI 

413.  Ethylidene  chloro-acetate,  CH3.CH<^  ^  tx  q.  Aldehyde  and 

acetic  chloride  unite  dii-ectly  with  one  another,  when  equal  molecules 
are  heated  to  100°  in  sealed  tubes : 

CH3.CIIO     -}-    CI.C2H.3O    =    CB[3.GH^y-v   p     TT     rV 

Ethylidene  aceto-chloride  is  a  liquid  boiling  at  120°-124%  which 
floats  on  water,  and  is  slowly  converted  thereby  into  aldehyde,  hydro- 
chloric and  acetic  acids. 

414.  By  passing  hydrochloric  add  gas  into  an  alcoholic  solution  of 
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Qsnanthic  aldehyde,  there  is  obtained  amongst   other   prodacts   a 
heptylidene  chhro-ethyktte : 

as  a  light  oil  which  cannot  be  distilled  unchanged. 

Sulphur  Compounds  of  the  Alcohol  JRadicals, 

415.  On  bringing  an  aldehyde  and  sulphuretted  hydrogen  together 
there  result,  frequently  with  formation  of  intermediate  products,  the 
thio-aldehydes,  CniHain+  i.CHS,  which  as  yet,  however,  are  only  known 
in  polymeric  modifications.  These  latter  are  crystalline  bodies  of 
unpleasant  odour. 

416.  Trimethene  atUphide,  parathio/orm- aldehyde,  CaHgS,,  is 
readily  obtained  by  saturating  paraform-aldehyde,  or  an  aqueous 
solution  of  form-aldehydoy  with  hydric  sulphide : 

OHj— O— CHj  OH,— S— CH, 

\    /  \    y 

0      0  +  3HjS  =       S       8  +  3H,0 

CH,  CHj 

The  same  body  is  obtained  by  heating  methene  diiodide  with  an 
alcoholic  solution  of  potassic  sulphide : 

3CHjI,  +  3KjS  =  6KI  +  CjHeS, ; 

and  by  long  standing  of  carbonic  disulphide,  granulated  zinc  and 
dilute  hydrochloric  acid : 

3CSa  +  6Zn  +  12HC1  =  C^R^S^  +  SHjS  +  eZnCla- 

Trimethene  sulphide  is  nearly  insoluble  in  water,  difficultly  soluble  in 
alcohol  and  ether,  more  readily  in  carbonic  disulphide,  and  most 
soluble  in  benzene.  It  crystallises  in  interlaced  needles  of  extremely 
disagreeable,  onion-like  odour,  which  begin  to  sublime  at  150^,  but 
melt  at  218^  The  found  vapour  density  is  4*98,  that  required  for  the 
formula  03HeS3  being  4*77. 

With  an  alcoholic  solution  of  mercuric  chloride  it  yields  silky 
needles,  quite  insoluble  in  water,  of  the  formula  C3ngS3HgCl3 ;  with 
argentic  nitrate,  plates,  which  can  be  recrystallised  from  hot  water,  of 
C3HgS8AgN03,H20,  and  gives  with  platinic  chloride  (C3H6S3)2PtCl4. 
By  heating  at  170°  with  argentic  sulphate  it  yields  paraform-aldehyde, 
O3H6O3. 

Methene  atUpho-carhonate  is  obtained  by  heating  methene  diiodides 
with  an  alcoholic  solution  of  sodic  sulpho-carbonate  : 

CH3I,  +  5^|>^S  =  2NaI  +  CHj<|>CS, 

as  a  yellowish  white  amorphous  powder.  The  molecular  formula  is 
probably  a  multiple  of  the  above  given. 

417.  Thioacetic  Aldehyde,  or  Ethylidene  Sulphide, — By  passing 
hydric  sulphide  into  aldehyde  there  is  first  formed  an  oily  body  of 
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nauseous  odour,  containing  equal  molecules  of  aldehyde  and  thio- 
aldehyde : 

C4H8OS  =  CH3.CH<^>CH.CH3. 

This  solidifies  when  strongly  cooled,  melts  again  at  —  2°,  and  at  35*^ 
begins  to  boil  with  decomposition,  pure  aldehyde  passing  over.  By 
treatment  with  acids  it  is  split  up  into  aldehyde  and  solid  parathio- 
aldehyde,  or  triethylidene  trisulphide,  Cgni2S3.  In  consequence  of 
this  only  the  latter  body  is  obtained  when  sulphuretted  hydrogen  is 
conducted  into  strongly  acidulated  aldehyde.  It  is  also  readily  pre- 
pared from  paraldehyde : 

CH3.CH— O— CH.CH8  CHs.CH— S— OH.CH, 

0— CH— 0  +3H,S=3H,0+  S— CH— S 


i 


.3  CH3 

Thio-paraldehyde  crystallises  in  colourless  needles  of  garlic  odour, 
insoluble  in  water,  but  soluble  in  alcohol  and  ether,  and  slowly 
subliming  on  gentle  heating.  The  vapour  density  is  found  to  be 
6*199,  corresponding  to  the  molecular  formula  Ce,Hi2S3,  which  re- 
quires 6*22. 

418.  The  thio-aldehydes  richer  in  carbon  are  less  known.  Iso- 
butyric  aldehyde  is  converted  by  sulphuretted  hydrogen  into  an  oil  of 
unpleasant,  onion-like  odour,  and  which  has  not  yet  been  obtained  in 
the  crystalline  state. 

Isovaleric  aldehyde  only  reacts  with  sulphuretted  hydrogen  when 

in  aqueous  solution.     There  results  a  crystalliue  mass  of  iaoamyUdene 

CH 
sulphide^  pTT^^CH.CH2.CHS.   Re-crystallised  from  alcohol  or  ether, 

this  isovaleric  thio-aJdehyde  forms  white,  asbestos-like  crystals  of 
nauseous  odour,  which  melt  at  69°  and  can  only  be  volatilised  un- 
changed in  vacuo.  The  vapour  density  =  found  3*508,  calculated 
3-525. 

A  selenio-isovaleric  aldehyde  is  obtained  from  valeral  and  hydric 
selenide  in  crystalline  cruste  of  fearful  odour.  It  melts  at  56*5**, 
sublimes  even  at  ordinary  temperatures,  and  is  readily  decomposed 
with  separation  of  selenium. 

Svlphonic  Acids  of  the  Aldehyde  Radicals. 

419.  Methene  forms  a  metherirdiatUphonic  acid,  generally  termed 
methionic  acid,  CH2(S02.0H)2,  which  can  be  obtained  by  oxidation 
of  methene  sulpho- carbonate  by  nitric  acid.  It  is  also  formed  in  small 
quantity  by  the  action  of  sulphuric  anhydride  upon  ethylic  ether, 
more  readily  by  heating  acetamide  or  acetonitrile  with  Nordhausen 
sulphuric  acid,  the  reaction  being  probably  as  follows  : 

CH3.CO.NH2    +     SO3    -f     2F2SO4    =    CH2<^Q«   Q2    +   CO2 

4-  NH4.H.SO4. 
The  free  acid  crystallises  in  long,  deliquescent  needles,  and  is  not 
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altered  by  boiling  nitric  acid.    On  mixing  its  solution  with  baric 
chknade,  baric  metiien-disolphonate : 


0H.<i8;:o>»^HA 


separates  in  difficultly  soluble,  nacreous  scales,  which  can  be  re- 
crystallised  from  boiling  hydrochloric  add. 

420.  Methene-hydrate  stUphonic  acid^  CH2(OH).S02.0H,  is  formed 
when  the  vapour  of  sulphuric  anhydride  is  passed  into  a  well-cooled 
mixture  of  methylic  alcohol  and  sulphuric  add.  As  this  mixture 
would  contain  hydric  methylic  sulphate,  the  process  piobably  is  as 
follows: 

SO2.OH 


OH,  1 

I  +80,=  OH, 

O.SOjOH 


0.S02.0H 

The  liquid  is  then  boiled  with  water  for  several  hours  : 

0Ha.S0,.OH  CH2.S0,.0H 

I  +H,0  +  (bH,0=    I  +  H,S04  +  aHjO, 

O.SOa.OH  OH 

and  neutralised  with  plumbic  carbonate  whilst  still  boiling. 

The  liquid,  filtered  from  the  plumbic  sulphate,  contains  plumbic 
methene-hvdrate  sulphonate ;  this  is  decomposed  by  hydric  sulphide, 
and  after  nitration  of  the  precipitated  plumbic  sulphide  is  saturated 
with  metallic  carbonates  in  order  to  prepare  the  respective  salts.  The 
potassic  salt,  CH3.(OH).S020K,  crystallises  in  the  rhombic  system 
the  baric  salt  in  colourless  tables.  Both  free  add  and  salts  are  very 
stable. 

421.  Ethvlidene  disulphonic  add  is  not  known,  but  on  heatiug 
ethylidene  dichloride  with  normal  sodic  sulphite  at  140°  in  sealed 
tubes  a  salt  of  ethyUdene  Mor-aulphonic  add  is  obtained  : 

CHj.CH  I  ^}  +  NaSOj.ONa  =  NaCl  +  CH3.CH  |  g^  ^^^ 

To  purify  the  compound  the  contents  of  the  tube  are  treated  with 
excess  of  sulphuric  add  and  evaporated,  in  order  to  decompose  sodic 
chloride  and  excess  of  sodic  sulphite.  The  residual  acid  mass  is  then 
neutralised  with  sodic  hydrate,  evapoittted  to  complete  dryness,  treated 
with  boiling  absolute  alcohol,  and  filtered.  This  dissolves  the  ethyl- 
idene chloro-sulphonate,  and  on  cooling  the  filtrate,  nacreous  plates  of 
the  above-given  formula  separate.  The  baric  salt  crystallises  in 
warty  masses.    Both  salts,  as  also  the  add,  are  very  stable  bodies. 

Nitrogen  Compounds  of  the  Alcohol  Radicals, 

422.  Most  aldehydes  unite  dii*ectly — with  evolution  of  heat — 
with  one  molecule  of  ammonia,  yielding  crystalline  compoimds,  the 
aldehyde  omfiumtaa,  which  behave  as  the  hydraie  amides  of  the  diad 
radicals: 
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CTT  C|aH2ni+i 


+  NHa  =  C<oH 

NHa 

These  compounds  readily  yield  aldehyde  when  treated  with  adds  : 

C„H2„+,.CH(OH)NH2  +  H2SO4  =  C„,H2m+i.CH0  +  NH4.HSO4. 

By  passing  hydric  sulphide  into  the  aqueous  solution  of  these  sub- 
stances water  and  amnionic  sulphide  are  formed,  and  crystals  of 
sulphuretted  bases,  the  thialdines,  separate  : 

3(C„,H2m+i.CH.OH.NH2)  +  SH^S  =  3HjO  +  (NHJ^S 

4-  (CniH2m+i'CH)3NH.S2, 

which  yield  crystalline  salts  with  one  equivalent  of  add.  These 
thialdines  and  their  salts  are  probably  bodies  of  the  constitution 
expressed  by  the  general  formulse : 


S CH S 


A 


and 


m^-L^m+l 


S CH S 


i 


m"-2m+l 

i.e.  imide  disulphides  of  three  aldehyde  radicals. 

If  an  alcoholic  solution  of  an  aldehyde  ammonia  be  treated  with 
carbonic  disulphide,  crystalline  bodies,  termed  carbo-thialdineSf  are 
obtained : 

2CnH2n.OH.NH2  +  CS2  =  2H2O  +  (CnH2n)2N2H2CS2, 

whose  constitution  is  probably  expressed  by  the  formula  : 

CmH2m  +  1  'CH — NH — CH.CinH2in  +  i 

S CS  — NH 

In  addition  to  the  hydrate  amides,  aldehydes  also  jrield  with  ammonia 
other  products,  which  contain  no  oxygen ;  these  have  the  character  of 
nitrile  bases  of  the  aldehyde  radicals. 

423.  On  adding  methene  oxide,  best  in  the  form  of  paraformic 
aldehyde,  to  ammonia,  there  is  obtained  hexmethene  tetraminef  also 
termed  hexmethylenaminey  according  to  the  equation  : 

2C3H6O3  4-  4NH3  =  6H2O  +  CftHiaN^. 

It  crystallises  from  alcohol  in  brilliant  colourless  prisms  or  rhombo- 
hedrons,  which  have  an  unpleasant  odour  on  heating,  and  partly 
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sublime  undeoompoBed  at  100°.  It  is  readily  soluble  in  water,  diffi- 
cultly in  cold  alcohol,  and  behaves  as  a  monadd  base. 

With  hydrochloric  acid  it  gives  the  salt  CgHiaN^.HCl,  crystal- 
lising in  white  needles,  whose  aqueous  solution  yields  with  platinic 
chloride  a  precipitate  of  the  formula  2C5Hi2N4HCl,PtCl4. 

The  structural  formula  of  hexamethene  tetramine  is  probably 

By  boiling  with  dilute  adds  it  is  reconverted  into  formic  aldehyde  : 

(CH,)eN4,HCl  +  3HC1  +  6HjO  =  4NH4Ca  +  GCHjO. 

Methene  hydrate-amide  is  not  known. 

424.  Ethylidene  ht/drcUe-amide,  or  aldehyde  ammonia : 

separates  in  well-formed  colourless  rhombohodra  when  dry  ammonia 
is  passed  into  a  mixture  of  anhydrous  ether  and  acetic  aldehyde.  The 
crystals  have  a  peculiar  odour,  like  that  of  the  excrements  of  mice, 
and  are  very  soluble  in  water,  as  also  in  alcohol.  The  vapour  density 
determined  at  100®-160°  in  vacuo  is  2 '098  the  number  calculated 
from  the  molecular  formula  being  2*108.  At  reduced  pressures  alde- 
hyde ammonia  can  be  obtained  at  these  temperatures  in  the  state 
of  vapour,  but  at  ordinary  atmospheric  pressure  it  decomposes  below 
100°,  and  still  more  quickly  if  water  be  present,  turning  yellow  or 
brown,  and  yielding  water,  ammonia,  and  amorphous  basic  oxytetral- 
dine: 

4CH3.CH{OH).NH2  =  3NH3  +  SHaO  +  CgHiaNO. 

(Oxytetraldine.) 

It  suffers  a  similar  decomposition  when  left  for  a  long  time  either 
when  damp  or  in  presence  of  alcohol,  being  thei*eby  converted  into  an 
amorphous  oxygen  free  base — hydracetamlde  or  aldehydine,  C5H  12^29 
which  probably  is  triethylidene  diamine  : 

3CH,.0H<^  =  NH,  +  3H,0  +  CH,.Ch/ 

CH.3.CXI 

This  body  is  insoluble  in  ether,  but  readily  soluble  in  alcohol  and 
water,  and  yields,  with  acids  amorphous  soluble  salts,  which  may  con- 
tain either  one  or  two  equivalents  of  acid ;  e.g. 

0H,.CH/     ^        and      OHj.CH<      ^* 

Bofh  these  oompoands  give  predpitatee  with  platinio  chloride,  of 
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which  C6Hi2N2,2HCl,PtCl4  is  a  sandy,  crystalline  body,  whilst 
(C6Hj2Ns,HGl)2>P^CJl4  is  amorphous. 

If  the  diacid  salt  be  boiled  with  water  it  gives  amnionic  chloride 
and  OQcy-trialdine  hydrochloride : 

(CHa.CH  :)3N2,2HC1  +  H20  =  NH4CI  +  C6HnN0,HCl. 

Oxy-tricMine  is  also  obtained  on  evaporating  a  solution  of  aldehy- 
dine  at  the  temperature  of  the  water  bath  : 

(CH3.CH  OaNa  +  H2O  =  NHj  +  CgHnNO, 

as  a  brown,  amorphous,  weakly  basic  subtanoe.  In  this,  as  in  oxy- 
tetraldine,  the  ethylidene  group  no  longer  occurs,  but  a  complicated 
carbon  nucleus  formed  by  simultaneous  imion  of  such  groups  (com- 
pare pyridene  bases). 

425.  If  an  aqueous  solution  of  aldehyde  ammonia  be  saturated 
with  sulphurous  anhydride  and  then  evaporated,  a  crystalline  body 
remains,  of  the  formula  C2H7NSO3,  which  is  not  identical  with  that 
prepared  from  hydric  ammonic  sulphite  and  aldehyde  (§  407),  but 
only  isomeric  therewith.  It  dissolves  in  one  and  a  half  times  its 
weight  of  water,  and  decomposes  at  100®  with  formation  of  a  resinous 
brown  mass. 

426.  By  passing  sulphuretted  hydrogen  gas  into  an  aqueous 
solution  of  aldehyde  ammonia,  brilliant  colourless  crystals  of  thicMine^ 
CgHiaNSa  =  (CHa.CH)3S2.NH,  separate.  These  are  Httle  soluble 
in  water,  but  readily  in  alcohol  and  ether,  fuse  at  42®,  and  can  be 
sublimed.  Its  nauseous  odour  is  very  persistent.  Thialdine  gives 
salts  with  hydrochloric  and  nitric  acids  : 

C6Hi3NS2,HCl  and  C6Hi3NS2,HN03. 

Heated  with  argentic  nitrate,  it  decomposes  into  aldehyde,  ammonic 
nitrate,  and  argentic  sulphide.  Alcoholic  iodides  imite  directly  with 
it.  Methylic  iodide,  for  instance,  yields,  after  some  hours  at  ordinary 
temperatures,  methyJrihialdine  iodide : 

I    CH3 

OH3.CH— ira— CH.CH, 


L, 


-CH S 

I 

CH3 

Aldehyde  ammonia  unites  with  hydric  selenide  to  form  selenal- 
dine,  C6H,3NSe2  =  (CH3.CH  :)3Se2NH. 

427.  Carbo-thialdine,  C5H10N2S2,  separates  on  mixing  an  alcoholic 
solution  of  aldehyde  ammonia  with  carbonic  disulphide  in  brilliant 
colourless  crystals,  which  only  dissolve  readily  in  hot  alcohol,  not  in 
water  or  ether,  and  on  boiling  with  acids  decompose  again  into 
aldehyde,  carbonic  disulphide,  and  ammonic  salts. 

428.  Butyric  aldehyde-ammonia,  CH3.CH2.CH2.CH(OH)NH2,  and 
isohutyric  aidehyde-amimonia,  (0113)2  :  CH.CH(0H).NH2,  are  also 
known.  From  the  latter  there  have  been  prepared  thio-isohutaldine, 
[(OH3)2 :  CH.CHJaSjNH,  as  a  difficultly  crystallisable  mass,  and 
carho-iaobutaldine,  [(01X3)2 :  OH.CH2]2CS2(NH2),  in  colourless  prisms, 
melting  at  91°. 

T 
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429.  Isovaleric  (ddehyde-ammonta,  isoamylidene  hydrcUe-amide,  or 
valerdl  ammonia,  (CH3)2:CH.CH2.CH(OH)NHs,7H20,  is  nearly  in- 
soluble in  water,  but  considerably  soluble  in  alcobol  and  ether,  even 
when  they  contain  water.  On  heating,  the  crystals  fuse  and  lose  their 
water  of  crystallisation,  becoming  again  crystalline  on  cooling.  The 
vapour  density  in  vacuo  at  160^  =  3*6,  calculated  3*559.  On  adding 
strong  aqueous  ammonia  to  a  mixture  of  valeral  and  carbonic  di- 
sulphide,  carho-thio'valeraldine,  C11II22N2S2,  or 

[(CH8)2:CH.CH2.Cfl]2-.CSa.(NH,)2 

separates  in  warty  crystals,  which  melt  at  1 15-5^-1 17^ 

Thio-valerMine,  CigHjiNSa,  or  [(CH8)2;Cn.CH2.CHa]3S2NH, 
is  obtained  as  an  oily  body  on  passing  dry  ammonia  gas  over  thio- 
{isovaleric  aldehyde : 

3C5H10S  +  2NH3  =  C15H31NS2  +  NH4.SH. 

On  heating  valeral  ammonia  with  potassic  hydrate^  three  molecules 
of  the  compound  lose  two  molecules  of  ammonia,  and  a  basic  body  is 
forpied,  which  can  be  distilled  with  aqueous  vapour,  and  has  the 
formula  0151133X03,  and  therefore  contains  the  elements  of  three 
molecules  of  valeral  and  of  one  molecule  of  ammonia.  It  is  probably 
the  nitrile  I>a8e  of  isoamylidene  hydrate  : 

3(CH3)2:CH.CH2.CH(OH).NH2  =  2NH3 
+  [(CH3):CH.CH2.CH(On)]3N. 

(Enanthol  also  3rields  an  ammonia  compound,  05ni3.0H(OH).NH2. 

430.  By  gentle  heating  of  methene  diiodide  with  alcoholic  tii- 
methylamine  solution,  there  is  formed,  according  to  the  equation  : 

CH2I2  +  N(CH3)3  =  N(CH2l)(CH3)3l, 

lodo-methene    trvraethyl   amnionic   iodidcy   N^(CH3)3,   ciystal- 

lising  in  needles,  and  readily  yielding  with  moist  argentic  oxide 
the  basic 

lodo-methene  trimsthyl  a/mmxmic  hydras  : 

N(CH2l)(CH3)8.0H. 

If  the  aqueous  solution  be  boiled  for  a  long  time  with  excess  of 
argentic  hydrate,  argentic  iodide  again  separates,  and  the  strongly 

alkaline  methene-hydrate  trim^thyl  ammonic  hydroxy  N^(CH3)3  ,  is 

\0H 
now  contained  in  solution.     Both  bases  yield  salts  with  acids.    The 
chlorides  combine  with  platinic  chloride  and  form 

"N(CH2l)(CH3)3a]2,PtCl4,  crystallising  in  tables  : 
'N(CH2.0H)(CH3)3Cl]2PtC!l4,  in  octahedra. 

431.  Methene  diiodide  unites  with  triethyl  phosphine,  forming 
lodo-methene  triethyl  plwsphonic  iodide^  P(CH2l)(C2ll5)3l,  from 

which — corresponding  to  the  above  ammonic  hydrate  compounds — the 
phosphonic  hydrates  P(CHjI)(C2H5)30H  and 

P(CH2.0H)(C2H5)3.0H 
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can  be  obtained.  Methene  dichloride  yields  with  triethyl  phosphine 
chlor-methene,  triethyl  phosphonic  chloride,  P(CH2C1)(02H5)3C1, 
together  with  methene  hexethyl  diphosphonic  dichloride : 


^*^2<;p^CoHa)3Ci 


432.  The  metallic  and  halogen  substitution  deriyatives  of  the 
nitro-paraffins,  already  mentioned  (§§  289-292),  must  be  r^arded  as 
derivatives  of  the  aldehyde  radicals. 

Niiro-Bodium  methene  —  CH2.Na.(N02)  =  sodium  nitro-methene 
(§  296). 

Nitro-mercury  dimethene  :=  NO2.CH2.Hg.CH2.NO2. 

Nitro-sodium  ethylidene  =  CH3.CH.Na(N02)  =  sodium  nitro- 
ethane. 

Ethylidene  nitro-hromide  =  CH3.CHBr(N02)  =  brom-mtro-ethane, 
boiling  at  145°-148°  (both  §  291),  <fec. 

432a.  Dinitro-ethanej  CH3.CH(N02)2>  prepared  by  treatment 
of  brom-nitro-ethane  with  alcoholic  potash  and  potassic  nitrite  and 
decomposition  of  the  resulting  potassium  derivative  with  an  acid,  is  a 
colourless  refractive  liquid,  boils  at  185°-186°,  and  has  sp.  gr.  1*3503 
at  23-5^ 

a-Bi/nitro-propanef  CH3.CH2.CH(N02)2,  prepared  in  similar  man- 
ner from  a-brom-nitro-propane,  is  a  colourless  oil,  boils  at  189**,  and 
has  sp.  gr.  -8335  at  0°. 

fi-Dinitro-propariey  CH3.C(N02)2«CH3,  is  a  white,  crystalline, 
camphor-like  solid,  melting  at  53°  and  boiling  at  185*5°.  It  is  pre- 
pared by  oxidising  the  body  C3H6N2O3,  obtained  by  the  action  of 
sulphuric  acid  on  a  mixture  of  potassic  nitrite  and  /3-nitro-propane 
dissolved  in  potassic  hydrate. 

Ketone  Derivatives. 

Compounds  of  the  Radicals  f^^'  rr^'*'  ^    >  0= 

Un''Xl2n"+  1  J 

433.  By  replacement  of  two  hydrogen  atoms  of  a  paraffin  on  one 
and  the  same  intermediate  carbon  atom,  there  result  derivatives  of 
the  diad  radicals : 

CflH  2n  +  1  CnH2ii  4. 1 


C=         ,  whose  oxygen  compounds,  C=0 


Cn"H2n''  +  1  CnH2ii  +  1 

are  termed  ketones  or  acetones.  It  is  self-evident  that  the  paraffin 
poorest  in  carbon  that  can  yield  a  ketone  is  propane,  and  the  lowest 
member  of  the  homologous  ketone  series  CnHjnO  is  acetone,  C3HgO  or 
CH3.CO.CH3,  isomeric  with  propionic  aldehyde.  This  first  member 
has  been  (as  regards  its  chemical  reactions)  by  far  the  best  investigated. 
A  large  number  of  higher  homologues  are  known,  but  their  derivatives 
have  mostly  not  been  prepared. 

Considering  the  alcohol  radicals  as  compounds  of  carboxyl,  CO, 
with  a  hydrogen  atom  and  an  alcohol  radical,  the  ketones  would  ap- 
pear as  compounds  of  carboxyl  with  two  alcohol  radicals,  or  as  alde- 

t3 


i 
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hydes  in  which  the  hydrogen  atom  in  nnion  with  CO  has  been  replaced 
by  an  alcohol  radical : 

OH,  CH3 

0=0  Cb=0 

H  OH, 

Acetic  aldehyde.  Acetone. 

434.  The  ketones  are  the  first  oxidation  products  of  the  secondary 
alcohols  (§  160,  2),  as  the  isomeric  aldehydes  are  of  the  primary 
alcohols : 

CHa  OH, 

CH.OH  +  O  =  H,0  +  CO 

CH,  CH3 

Secondaxy  propylic  aloohoL  Acetone. 

and  similarly,  by  treatment  with  nascent  hydrogen  (when  their  aqueous 
or  aqueo-alcoholic  solutions  are  treated  with  sodium  amalgam),  are 
converted  into  secondary  alcohols : 

CnH2n+i  OnHjn+i 

O  +  2H  =  CH.OH 

CnH2n  +  1  0^0211  + 1 

436.  A  method  of  general  application  for  the  synthetical  prepara- 
tion of  ketones  consi^  in  the  diy  distillation  of  the  salts  of  monobasic 
organic  acids  of  the  formula  CnHsn-iO.OH.  If  such  salts  be  sub- 
mitted to  high  temperatures  in  absence  of  air,  a  metallic  carbonate  is 
left,  whilst  a  ketone  is  evolved  as  the  main  product.  From  a  salt  of 
a  single  organic  acid  a  ketone  is  obtained  whose  two  alcohol  radicals 
are  similar : 

Oii'H2n'+i  On'Hjn'+l  ONa  CnH2n+i 

C=0         +    C=0        =    C=0+C=0 

ONa  ONa  ONa        CnHjn+i 

A  mixture  of  the  salts  of  two  acids,  on  the  other  hand,  yields,  in  addi- 
tion to  the  two  respective  ketones  containing  similar  alcohol  radicals, 
also  one  containing  two  dissimilar  alcohol  radicals  : 

CO  +    CO  =    CO     +  CO 

I  I  i       I 

ONa  ONa  ONa        Cn*H2n-+i 

It  is  evident  that  these  reactions  correspond  to  the  formation  of 
aldehydes  hj  the  dry  distillation  of  salts  of  higher  molecular  organic 
adds  with  u)rmates,  as 

H.CO.ONa  +  CHa.CO.ONa  =  CO(ONa)j  +  H.CO.CH3  ; 
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so  similarly : 

CH3.CO.ONa  +  CH3.CO.ONa  =  C0(0Na)2  +  CH3.CO.CH3. 

The  ketone  obtained  as  main  product  contains  invariably  a  carbon 
atom  less  than  the  sum  of  those  contained  in  the  two  salt  molecules 
from  which  it  is  derived. 

436.  The  following  are  of  especial  importance  amongst  the  further 
methods  for  the  synthetical  preparation  of  ketones : — 

1.  By  the  action  of  the  acid  chlorides,  CnHjn+i-CO.Cl,  upon  a 
molecule  of  a  2dnc  dialkyl,  a  ketone  is  formed  together  with  zincic 
chloride : 

OnH2n  +  i  OnHjn+i 

CI  ^n^m  + 1 

In  place  of  the  zinc  alkyl,  the  mercury  compound  of  an  alcohol 
radical  can  be  employed,  whereby,  however,  only  one  molecule  of  the 
add  chloride  reacts : 

CO  +  Hg<^°2«°+'  =  CO  +  Hg<^^«+' 

CI  ^nHjn^l 

2.  Another  way,  which,  however,  only  serves  for  such  ketones  as 
contain  methyl  as  one  of  the  alcohol  radicals  (CH3.CO.CnH2n+i)>  is 
from  ethylic  aceto-sod-acetate,  CH3.CO.CHNa.CO.C2H5.  This  latter 
is  first  heated  with  an  alkylic  haloid  : 

CH3.CO.CHNa.CO.O.C2H5  +  ICnHan  +  i  =  Nal 
+  CH3.CO.CH(C„H2n+i)CO.O.C2H5, 

and  the  resulting  ethylic  alkyl  aceto-acetate  decomposed  by  boiling 
with  alkalies  or  baric  hydrate  : 

CH3.CO.CH(C„H2„+i).CO.O.C2H5  +  2K0H  =  C0(0K)2 

+  C2H5.OH  +  CH3.CO.CH2(C„H2„+,)- 

437.  In  comparison  with  the  aldehydes  the  ketones  are  only 
difficultly  attacked  by  oxidising  agents.  By  energetic  action,  as  by 
boiling  with  chromic  and  sulphuric  acids,  or  by  fusion  with  alkaline 
hydrates,  every  ketone  is  converted  into  at  least  two  acid  molecules, 
of  which  one  contains  the  CO  group  with  one  alcohol  radical,  whilst 
the  other  is  formed  from  the  second  alcohol  group,  provided  it  be 
primary : 

Cn'H2n'  +  1  OnHjn  +  j 

I  +30=1  +H0.C0.Cn-H2n''+i. 

CO.CH2.C„.H2n-+ 1  CO.OH 

Acetic  acid  always  results  from  ketones  containing  the  methyl  group. 
If,  on  the  other  hand,  the  alkyl  separated  from  CO  be  secondary,  there 
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yii 


and 


occurs,  together  with  the  acid  in  the  first  line,  a  new  ketone,  which  is 
further  oxidised  to  two  add  molecules  : 

^Kcfen^.,.  +  30  =  c..H^.,..co.oH 

+  XlU.  CO.  On«wH.  2ix«*'  ^  1 . 

438.  In  analogy  to  the  aldehydes  (§  406)  many  of  the  ketones 
unite  with  the  alkaline  hydric  sulphites  to  form  compounds  which 
crystallise  in  silky  plates,  and  from  which  the  ketone  is  regenerated 
on  treatment  with  alkaline  carbonates.  These  compounds  appear  to 
be  restricted  to  the  ketones  containing  methyl : 

2  C„.Hf.^!)0<oSD,Na  +  ^*«00,  =  2Na.S0, 

439.  By  moderated  action  of  nascent  hydrogen,  the  ketones  yield, 
together  with  the  secondary  alcohols,  double  tertiary  diadd  alcohols, 
termed  pinacones  (§  456),  which  are  formed  by  true  carbon  nucleus 
synthesis : 

2  n°  CT^'+»  IcO  +  2H  =  ^°'^^'+»  >cZ l^<^'^'^2n+i 

Dehydrating  agents,  such  as  concentrated  sulphuric  add,  <bc.,  when 
heated  with  ketones,  also  cause  synthesis  of  more  complex  molecules 
(so  termed  condensation),  but  of  different  nature.  These  and  other 
changes  will  be  considered  under  acetone. 

Acetone,  C^Rfi  =  CH3.CO.CH3. 

440.  Acetone,  or  dimethyl  ketone,  isomeric  with  propionic  aldehyde 
(§  396),  is  most  readily  obtained  by  dry  distillation  of  acetates, 
especially  the  caldc  salt : 

CH3  CH3  CH3 

CO.O.Ca.O.CO  «:Ca/  NCO  +  CO 

OH3 

It  is  also  obtained  from  acetic  add  by  conducting  its  vapour  through 
tubes  heated  to  dull  redness : 

2OH3.CO.OH  =  CO  +  HjO  +  CH3.CO.CH3. 

It  is  further  formed  by  the  dry  distillation  of  sugars,  cellulose,  tar- 
taric add,  dtric  add,  and  other  organic  bodies,  and  is  therefore  a 
constituent  of  crude  wood  spirit  (§  165). 
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If  acetic  chloride  diluted  with  anhydrous  ether  be  slowly  mixed 
with  zinc  methyl,  the  two  ingredients  react,  forming  zincic  chloride 
and  acetone : 

2CH3.COa  +  Zn(CH3)2  +  ZnCl^  +  2CH3.CO.CH8. 

Isopropylic  alcohol  is  very  readily  converted  into  acetone  by 
oxidising  agents : 

C2P>C<?H  +  O  =  H,0  ;  CH3>C0. 

Other  methods  of  formation  of  acetone  will  be  mentioned  later,  such 
as  from  propylene  and  glyceiyl  derivatives,  from  ethylic  methyl- 
aceto-acetate,  kc, 

441.  For  the  preparation  of  acetone,  calcic  acetate  is  usually  heated 
to  dull  redness  in  an  iron  retort.  The  crude  distillate  is  then  dried 
by  calcic  chloride  and  submitted  to  fractional  distillation.  The  por- 
tion distilling  at  56^  is  nearly  pure  acetone. 

Crude  acetone  is  also  obtained  in  large  quantity  as  a  bye  product 
in  the  preparation  of  aniline  (which  see). 

If  acetone  be  required  in  a  state  of  perfect  purity,  purified  acetone 
must  be  shaken  with  a  concentrated  solution  of  hydric  sodic  sulphite, 
so  as  to  convert  it  into  its  crystalline  compound  with  this  latter. 
This  is  then  pi-essed,  washed  with  alcohol  and  ether,  completely  dried, 
and  decomposed  by  boiling  solution  of  sodic  hydrate  in  a  distillation 
apparatus.  The  aqueous  acetone  which  goes  over  is  then  dried  with 
calcic  chloride  and  finally  rectified. 

442.  Acetone  is  a  colourless,  mobile  liquid  of  peculiar  agreeable 
odour,  of  sp.  gr.  '814  at  0°  and  boiling  at  86°.  Its  vapour  bums  readily 
in  air  with  a  luminous  but  not  smoky  fiame.  It  mixes  in  all  propor- 
tions with  alcohol,  ether,  and  water.  From  the  latter  it  is  in  great 
part  separated  on  addition  of  very  soluble  salts,  such  as  calcic  chloride. 

Like  alcohol,  it  dissolves  many  substances  insoluble  in  water  (fats, 
colouring  mattera,  <kc.) 

When  acetone  is  treated  in  aqueous  solution  with  sodium  amalgam, 
it  jrields  isopropylic  alcohol  (§  168,  2)  together  with  pinacone : 

(a  +  25)(CH3),CO  -h  (2a  -h  26)H  =  a(CH3)2.CH.OH 

(CH3)2.C.OH 

+  «»  I 

(CH3)2.C.OH 

The  compound  of  acetone  with  hydric  sodic  sulphite : 

^  CH3>^'<<).S02Na'  ^^0, 

which  cry  still  lises  in  nacreous  prisms,  is  pretty  soluble  in  pure  water, 
more  difficultly  so  when  the  liquid  contains  much  hydric  salt  or  ace- 
tone. It  is  also  in  great  part  precipitated  by  alcohol.  The  similar 
potassic  compound  is  anhydrous. 

443.  Acetone  is  oxidised  to  acetic  and  formic  acids  by  a  solution 
of  potassic  bichromate  and  sulphuric  acid,  especially  on  gentle  heating  : 

CH3.CO.CH3  -h  K.CraO;  -|-  4H2SO4  =  K2Cr2(S04)4  +  4H2O 

-h  CH3.CO.OH  +  HCO.OH, 
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the  formic  acid  being  in  great  part  further  oxidised  to  carbonic  anhy- 
dride and  water. 

An  analogous  reaction  occurs  on  passing  acetone  over  heated 
alkalies,  best  potash  lime  or  soda  lime : 

CHa.CO.CH3  +  2K0H  +  H2O  =  CH3.CO.OK  +  HCO.OK  +  SH^. 

At  the  same  time,  especially  at  higher  temperatures,  another  pro- 
cess occurs,  which  yields  carbonates  and  methane  : 

(CH3)2CO  +  2H0K  =  CO(OK)j  -|-  2CH4. 

444.  Strong  mineral  acids,  such  as  sulphuric  acid,  and  further 
alkalies  and  quick-lime,  on  gentle  heating  wiljidraw  water  from  several 
molecules  of  acetone,  and  yield,  by  coalescence  of  the  residues,  com- 
pounds richer  in  carbon.  The  chief  products  of  these  reactions  are 
meaiti/l  oxide,  C^HiQOf  phorone,  C9H14O,  and  mesitylenej  C9H12)  a 
liquid  hydro-carbon,  boiling  at  163°,  which  is  described  later. 

Mesityl  oxide  is  formed  according  to  the  equation  : 

2(CH3)2CO  =  HjO  -h  CfiHioO. 

It  is  a  mobile,  colourless  liquid,  of  peppermint  odour,  which  boils  at 
130°,  and  itself  possesses  the  properties  of  a  ketone  inasmuch  as  it 
takes  up  nascent  hydrogen,  and  with  phosphoric  chloride  gives  phos- 
phoric oxychloride  and  a  chloride  of  the  formula  CgHioOls* 
Fhorone,  formed  according  to  the  equation  : 

3CaH60  =  2HaO  +  CgH^O, 

cr3r8tallises  in  large  brittle  prisms,  melting  at  28°  and  boiling  at  196°. 
Mesityl  oxide  and  phorone  are  best  prepared  by  saturating  acetone 
with  hydrochloric  acid  gas.  The  product  is  allowed  to  stand  about  a 
fortnight  in  closed  vessels,  and  then  on  addition  of  water  gives  a 
yellow  chlorinated  oil,  probably  containing  the  chlor  compounds 
CeHioCl]  and  C9H]4Cl2.  By  careful  addition  of  alcoholic  potassic 
hydrate  it  is  converted  into  the  above  oxides,  which  are  then  separated 
by  fractional  distillation. 

Compounds  of  the  Acetone  Badicals  with  otlter  Elements. 

445.  Dimethyl  carbon-diMoride,  or  methyl  chlor-aoetol : 

CH3.CC12.C/H3, 

is  formed  by  the  action  of  phosphoric  chloride  on  acetone  : 

(CH3)2CO  -h  PCI5  =  (CH3)2CCla  -h  POCI3, 

as  a  colourless,  mobile  liquid,  boiling  at  69°-70°,  and  which  is  isomeric 
with  propylidene  dichloride,  CHj.CHj.CHClj,  boiling  at  84°-87°. 
By  alcoholic  potassic  hyclrate  it  is  converted  into  monocUor  propylene 
(see  this) : 

CH3.CCla.CH3  +  KOH  =  CH3.CCI .CHa  -h  KCl  +  HjO, 

which  is  formed  also  in  large  quantity  in  the  preparation  of  the 
dichloride,  hydrochloric  acid  being  evolved  : 

CH3.CO.CH3  +  PCI5  =  POCI3  +  HCl  +  CHj.CaiCHj. 
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The  Qorresponding  dimethyl  carhon-<lihromide,  or  methyl  hrom-acetoly 
CH3.CBr2.CH3,  pi-epared  from  acetone  and  phosphoric  chloro-bromide  : 

(CH3)2CO  +  PClsBrj  =  POCI3  +  (CH3)3CBr2, 

boils  between  113°  and  116°,  and  has  at  0°  sp.  gr.  1*815. 

446.  Thiacetone  is  obtained  as  the   doubled   molecule,  C6H12S2 

=  nxi^^^^^^S^^^^H^'  ^^  bringing  together  the  higher  sulphides  of 
phosphorus  and  acetone.     Tlie  reaction  : 

2P2S5  +  lOCaHeO  =  2P2O6  +  5(C3H6)2S2, 

which,  however,  is  accompanied  by  other  processes,  evolves  much 
heat.  By  fractional  distillation  the  double  thiacetone  is  obtained  as 
a  yellowish  oil  of  extremely  unpleasant  and  persistent  odour.  Jt  boils 
between  183°  and  185°,  and  has  the  vapour  density  5*08. 

447.  On  allowing  acetone  saturated  with  ammonia  gas  to  stand 
some  time,  as  by  heating  the  mixture  to  100°  in  sealed  tubes,  vaiious 
basic  nitrogen  compounds  are  obtained,  which  probably  possess  some 
similarity  with  the  aldehyde  derivatives  obtained  in  analogous  manner, 
but  require  closer  investigation. 

An  acetone  solution  containing  hydrocyanic  add  is  converted  on 
heating  with  hydrochloric  acid  into  a-oxyisohutyric  acid  (see  this). 
The  reaction  completely  corresponds  with  the  conversion  of  aldehydes 
into  acids  of  the  lactic  series. 

448.  Numerous  halogen  substitution  products  of  acetone  are 
known  :  monoMor  acetone,  CsH^ClO  or  CH3.CO.CH2CI,  and  two 
isomeric  dichlor  acetones,  CH3.CO.CHCI2  and  CHaCl.CO.CHjCl ;  a 
trichlor  acetone,  C3H3CI3O3 ;  teti-achlor  acetone,  C3H2.CI4O ;  penta- 
chlor  acetone,  CHOI2.CO.CCI3 ;  and  perchlor  acetone,  CCl3.CO.CCl3. 
They  are  all  liquids  of  powerfully  irritating  odour.  From  acetone 
itself  only  the  first  four  ai*e  prepared,  the  two  latter  being  obtained 
from  other  organic  compounds,  such  as  citric  acid.  The  more  interest- 
ing of  them  will  be  described  later.  Some  bromine  and  iodine  sub- 
stitution products  of  acetone  are  also  known. 

Iloviologties  0/  Acetone, 

449.  The  formula  C4H8O  only  corresponds  to  a  single  ketone^ 
that  isomeric  with  butyric  aldehyde,  methyl-ethyl  ketone  : 

CH3.CO.OH2.CH3, 

which  is  obtained  by  oxidation  of  secondary  butylic  alcohol  (§  169). 
It  is  also  obtained  by  double  decomposition  of  acetic  chloride  and 
zinc  ethyl : 

2CH3.COCI  -h  Zn(C2H5)2  =  ZnCl2  +  2CH3.CO.C2H5, 
as  also  by  boiling  ethyl  ic  methyl  aceto-acetate  with  an  alkali  : 
CH3.CO.CH.(CH3).CO.O.C2H5  -f  2K0H  =  K2CO3  -h  HO.CaHj 

-h  CH3.CO.CH2.CH3, 

and  is  contained  in  small  quantity  in  the  crude  acetone  prepared  from 
acetates.     Methyl-ethyl  ketone  is  a  colourless  liquid  of  agreeable 
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odour,  of  sp.  gr.  *8125,  which  boils  at  81°.     On  oxidation  it  yields 
only  acetic  acid  : 

CH3.CO 


CH 


I       +  30  =  2CH3.CO.OH. 
i.CHo 


L3.v^xx2 

460.  Three  isomeric  ketones,  C5H10O,  correspond  to  valeric 
aldehyde. 

1.  MethyJrpropyl  ketone^  CH3.CO.CH2.CH2.CH3,  is  obtained  by 
dry  distillation  of  a  mixture  of  an  acetate  and  butyrate  : 

OHj.CO.OM  +  CH3.CH2.CH2.CO.OM  =  MjCOa 
+  OH3.CO.OH2.CH2.CH3; 

also  obtained  on  the  careful  oxidation  of  propyl -methyl  carbinol, 
into  which  it  is  converted  by  action  of  nascent  hydrogen  (§  170),  and 
also  formed  by  the  decomposition  of  ethylic  ethyl  aceto-acetate  by 
potassic  hydrate : 

CO.CH3  CO.CH3 


CH.C2H5     +  2K0H  =a  KjCOa  +  HO.C2H5  +  OHa.CjH 


k 


JO.O.CaHj 

It  is  a  colourless  liquid,  of  agreeable  acetone-like  smell,  which  at  13** 
has  sp.  gr.  *8132  and  boils  at  101°.  It  yields  a  beautifully  crystalline 
compoimd  with  hydric  sodic  sulphite.  By  oxidation  it  gives  acetic 
and  propionic  acids. 

2.  MethyJrisopropyl  ketone^  CHa.CO.CH^^-n-*,  is  obtained  by  the 

decomposition  of  ethylic  dimethyl  aceto-acetate  : 

CH3.CO.C(CH3)2.CO.O.C2H5. 

It  boils  at  93-5°,  and  has  at  13**  the  sp.  gr.  -8099. 

3.  Diethyl  ketone^  or  propione,  OH3.CH2.CO.CH2.CH3,  is  obtained 
by  the  dry  distillation  of  propionates  : 

(C2H5.CO.O)2Ca  =  COaCa  +  (C2H5)2CO ; 

by  decomposition  of  propionic  chloride  by  zinc  ethyl : 

2C2H5.CO.Cl  +  Zn(C2H5)2  =  ZnCla  +  2C2H5.CO.C2H5  ; 

and  by  the  action  of  carbonic  oxide  on  the  product,  containing  potas- 
sium ethyl,  of  the  action  of  potassium  on  zinc  ethyl : 

CO  +  2K.C2H5  =  K2  +  CO.{C2H5)2. 

It  is  also  prepared  by  the  careful  oxidation  of  diethoxalic  acid  : 

g«g«>C.OH.CO.OH  +  0  =  q'h'>CO  +  H,0  ^  CO2. 

It  has  sp.  gr.  '813  at  20°,  and  boils  at  101°.  It  is  converted  into 
propionic  and  acetic  acids  on  energetic  oxidation.  It  gives  no  com- 
pounds with  the  hydric  sulphites. 

451.  Hex-carbon  ketones,  CsHiaO.  Six  of  these  bodies  are 
possible — namely,  four  methyl-butyl  ketones,  CH3.CO.C4H9,  and  two 
ethyl-propyl  ketones,  C2H5.CO.C3H7. 

Methyirbutyl  ketone,  CH3.CO.CH2.CH2.CH2.CH3,  is  obtained  by 
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the  oxidation  of  methyl-butyl  carbinol  (§171).  It  boils  at  127*'  and 
has  sp.  gr.  -8298. 

Methyl- trimethy I  carbin-keionCy  pinacoliney  CH3.CO.C(CH3)3,  is 
prepared  by  heating  pinacone  with  dilute  sulphuric  acid  or  witJb  con- 
centrated acetic  acid.  It  is  a  colourless  oil,  boiling  at  105° ;  on  oxi- 
dation it  yields  trimethacetic  acid ;  nascent  hydrogen  converts  it  into 
pinacoline  alcohol,  CgHig.OH. 

A  ketone  of  this  formula,  boiling  at  128°,  is  obtained  as  a  bye 
product  in  the  dry  distillation  of  calcic  butyrate.  It  has  at  0°  sp.  gr. 
'833,  and  is  probably  ethyl-propyl  ketone  : 

Cri3.CH2.CO.CH2.C'H2.CH3, 

452.  The  main  product  of  the  dry  distillation  of  calcic  butyrate  is 
dipropyl  ketone,  or  butyrone,  C7H14O  =  (CH3.CH2.CH2)2CO.  It 
boils  at  144°-145°,  and  has  at  20°  the  sp.  gr.  '82.  By  chromic  acid 
and  sulphuric  acid  it  is  oxidised  to  butyric  and  propionic  acids,  by 
faming  nitric  acid  to  nitro-propionic  acid,  C3H5(N02)02. 

Diisopropyl  ketone,  or  isobutyrone,  [(CH3)2.CHj2CO,  is  obtained 
by  the  careful  oxidation  of  diisopropyl  oxalic  add  and  by  the  dry 
distillation  of  calcic  isobutyrate.  It  distils  at  123°-125°,  and  is 
oxidised  by  chromic  acid  to  isobutjnnc,  acetic,  and  carbonic  acids. 

MethyJramyl  ketone,  CH3.CO.CH2.CH2.CH2.CH2.CH3,  is  obtained 
by  the  t)xidation  of  methyl-amyl  carbinol,  as  an  agreeable-smelling 
liquid,  boiling  at  155°-156°,  which  unites  with  the  alkaline  hydric 
sulphites  and  is  oxidised  to  acetic  and  normal  valeric  acids. 

Methyl-isoamyl  ketone,  CH3.CO.CH2.CH2.CH :  (0113)2,  is  obtained 
by  the  action  of  zinc  amyl  on  acetic  chloride  or  of  isocaproic  chloride 
on  zinc  methyl : 

2CH3.CO.Cl  -h  Zn[CH2.CH2.CH  :  (CH3)2]2 

=  ZnClj  +  2CH3.CO.CH2.CH2.CH  :  (CH3)2 

(CH3)2Zn  4-  2a.CO.CH2.CH2.CH  :  (CH3)2 

=  ZnCla  -f  2CH3.CO.CH2.CH2.CH  :(CH3)2. 

It  boils  at  144°  and  has  at  0°  sp.  gr.  '829.  It  unites  with  hydric 
sulphites,  and  yields  acetic  and  isovaleric  acid  on  oxidation. 

453.  MethyUhexyl  ketone,  or  methyl  cencmthone,  CgHieO  or 
CH3.CO.CH2.CH2.CH2.CH2.CH2.CH3,  is  obtained  by  dry  distiUation 
of  a  mixture  of  calcic  acetate  and  cenanthate,  and  by  the  oxidation  of 
methyl-hexyl  carbinol  (§  173).  It  boUs  at  171°  and  yields  on  oxida- 
tion acetic  and  caproic  acids.     The  sp.  gr.  =  '818. 

An  isomeric  ketone,  termed  methyl  butyrone,  occurs  amongst  the 
bye  products  of  the  preparation  of  butyrone,  as  a  liquid  boiling  at 
180°.     It  is  probably  a  propyUbutyl  ketone,  C3H7.CO.C4H9. 

454.  The  body  termed  valerone,  obtained  by  the  dry  distillation 
of  calcic  isovalerate,  is  undoubtedly  diisobutyl  ketone : 

[(CH3)2.CH.CH2]2CO. 

It  is  an  oily  liquid,  boiling  at  181°-182°,  and  of  sp.  gr.  -823  at  20^ 

454a.  Methylroctyl  ketone,  CH3.CO.CH2.C7H15,  is  prepared  by 
the  action  of  alcoholic  potash  on  ethyl-heptyl  aceto-acetate.  It  is  a 
liquid  boiling  at  214°  and  of  sp.  gr.  -8294  at  177°. 

455.  Methyl-nonyl  ketone,  CnH220  =  CHj.CO.CgHjg,  forms  the 
main  constituent  of  ethereal  oil  of  rue  {Rvia  graveolens),  and  is  ob- 


o 
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tained  therefrom  by  shaking  with  a  concentrated  solution  of  hydric 
sodic  sulphite  in  form  of  the  crystalline  compound 

CH3  /  ^M).S02Na 

from  which  it  is  obtained  in  the  free  state  by  treatment  with  alkaline 
carbonates.  It  is  also  obtained  by  the  dry  distillation  of  a  mixture 
of  calcic  acetate  and  caproate.  At  ordinary  temperatures  it  is  a 
colourless  oil  with  blue  fluorescence,  of  sp.  gr.  '8268,  which,  on  cool- 
ing, solidifies  in  leafy  crystals;  it  melts  at  +  15°,  and  boils  at 
225°-226^ 

Isomeric  with  this  is  caprone,  probably  normal  dia/myl  ketone, 
(C5H1 1)2 :  CO,  obtained  by  the  dry  distillation  of  calcic  caproate.  It 
boils  at  220''-221'',  has  at  0""  sp.  gr.  '822,  and  solidifies  to  a  crystal- 
line mass  on  cooling. 

(Enomthoney  CigHjgO  =  (CgH  13)30,  is  a  dUiexyl  ketone,  which  is 
obtained  by  the  dry  distillation  of  potassic  oenanthate.  It  crystal- 
lises in  leafy  crystcds,  melting  at  30°,  of  sp.  gr.  *824,  which  boil  at 
264°-256°. 

456a.  Isomeric  with  this  is  methyl^midecyl  ketone : 

Oid. 3.00.0 1 1 U339 

prepared  by  the  dry  distillation  of  a  mixture  of  baric  laurate  and 
acetate  under  reduced  pressure.  It  melts  at  28°,  boils  at  195*5* 
under  100  mm.  pressure  and  at  263^  at  ordinary  atmospheric  pres- 
sure. 

Baric  caprylate  yields  on  decomposition,  at  high  temperatures,  a 
dUieptyl  ketone,  C15H30O  =  (C7H,5)2CO.  It  crystallises  in  leafy 
crystals,  melts  at  40°,  and  boils  at  278°. 

456^.  The  isomeric  methyJrtridecyl  ketone : 

C15H30O  =  CH3.CO.C13H27, 

is  prepared  by  the  dry  distiUation  of  a  mixture  of  baric  myristate 
and  acetate  under  reduced  pressure.  It  melts  at  39°,  boils  at  223*5° 
under  110  mm.  pressure  and  at  294°  under  normal  pressure. 

456c.  MethyUpentadecyl  ketone,  0,711340  =  CHg.CO.CisHai, 
obtained  on  dry  distillation  of  mixed  acetate  and  palmitate  of  barium 
under  reduced  pressure,  melts  at  48°,  boils  at  246°  under  110  mm. 
pressure  and  at  319°-320°  under  atmospheric  pressure. 

Methylrdiheptylrccvrhm-ketone,  CH3.CO.C(C7Hi5)2,  isomeric  with 
the  preceding,  is  obtained  by  the  action  of  alcoholic  potash  on  ethylic 
diheptyl  aoeto-acetate ;  it  is  a  colourless  liquid,  boiling  at  300°-304°, 
and  of  sp.  gr.  -826  at  17°. 

466^.  Methylrheptadecyl  ketone,  C19H38O  =  CH8.CO.C17H35, 
prepared  as  above  from  baric  stearate  and  acetate,  melts  at  55*5°, 
and  boils  at  2665°  under  110°  mm.  pressure. 

Glycol  Deriyatiyes. 

Compounds  of  the  Diad  Alcohol  Radvcala,  OnH2n. 

466.  By  replacement  of  two  of  the  hydrogen  atoms  of  a  paraffin 
on  two  different  carbon  atoms  there  results  derivatives  of  the  divalent 
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alcohol  radicals,  CnH2n)  the  olefines,  whose  chief  representatives  are 
the  hydrates,  the  diacid  alcohols  or  glycols,  CnHan(0H)2. 

The  fii*st  member  of  the  series  must  be  a  dicarbonide,  ethylene 
glycol,  C2H4(OH)2,  a  double  primary  diacid  alcohol : 

CH2.OH 


i 


H0.OH 


The  second  member,   C3H6(OH)2,    is    known  in  two  isomers,    of 
which  the  one  is  a  primary-secondsuy,  the  other  a  diprimaiy,  glycol : 

OH3  CH2.OH 

OH.OH     and      CHo 


i 


k 


5H2.OH  CH2.OH 

Propylene  glycol.       Trimethene  glycol. 

Of  the  tetracarbon  glycol,  C4Hg(OH)2,  six  isomers  are  possible, 
namely : 


CH3 

CH.OH 
CHo. 


CH3 

I 


H.OH 


OH2OH 


OH 


a-Secondarv 


CH3 

i 


A 


IH2.OH 

p-Secondary 


^ 


H. 


CH,.OH 

Diprimary 


0H3 

CH.OH 
CH.OH 
OH, 

DLsecoDdary 


Primary  butylene  glycol. 
CH3.CH3 


aoH 


H2.0H 

Tertiary 


Butylene  glyooL 
CH3CH2.OH 

an 

CHo.( 


.2.0H 

Double 


Primary  Isobutylene  glycoL 

It  is  self-evident  that  for  every  additional  carbon  atom  the  num- 
ber of  possible  isomers  must  increase  in  rapid  progression,  and  that 
still  fui-ther  complications  in  the  character  of  the  substitution  must 
ensue,  as,  for  instance,  secondary-tertiary  glycols.  Of  the  ditertiaiy 
the  first  member,  the  hex  carbon  acetone-pinacone  or  tetramethyl- 
ethylene  glycol,  is  known  : 

OH 


OH 


?4u' 


OH 


ethylene  glycol  ^ 


^<i 


OH 


457.  In  by  far  the  largest  number  of  known  glycols  one  of  the 
hydroxyl  groups  occupies  the  primary  position,  Le.  is  on  a  terminal 
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carbon  atom,  the  other  on  the  next  neighbouring,  either  secondarily  or 
tertiarily  united,  carbon  atom.  These  are  the  primary  a-seoondary 
and  primary  a-tertiary  glycols : 


CH.OH  \     ' 

OHa.OH 


OH  \/ 

I  o.c 

CH,.OH 


OH 


In  those  cases  where  the  hydroxyl  groups  are  united  to  neigh- 
bouring carbon  atoms  the  hydrocarbon  radicals  of  the  glycols  can 
form  free  molecules  by  diad  carbon  union : 

6h  \/  OH 


)H,  11  OH 


Oh,  I 

OnH2i:i^.l  &C. 

These  hydrooarbons  (olefines)  all  contain  twice  as  many  atoms  of 
hydrogen  as  of  carbon,  have  all  with  different  molecular  weights  the 
same  percentage  composition,  and  are  polymeric  to  the  simplest  atomic 
proportion  formula,  OH^. 

Olefines, 
jffydrocarbona  of  the  Formula  0||H2n. 

458.  For  the  preparation  of  the  olefines  the  mono-acid  alcohols  or 
their  haloid  compounds  are  usually  employed. 

From  the  alcohol  molecules  a  molecule  of  water  must  be  removed. 
This  occurs  on  heating  with  strong  polybasic  acids,  such  as 
sulphuric  acid,  or  with  certain  salts,  such  as  zincic  chloride.  The 
higher  molecular  alcohols,  which  cannot  be  distilled  unchanged,  are 
resolved  on  heating  alone — ^by  distillation — into  water  and  define. 

By  employment  of  sulphuric  add  as  the  decomposing  agent  there 
is  first  formed,  in  addition  to  water,  hydric  alkyl  sulphate,  which  at 
higher  temperature  splits  into  olefine  and  sulphuric  add : 

0„H2„+i.H.S04  =  CnHjn  +  HaS04  (§  215). 

As  the  latter  is  regenei-ated,  the  process  (similarly  to  that  of  the  for- 
mation of  ether,  §  201)  can  be  made  continuous.  For  this  purpose  the 
sulphuric  acid  is  heated  to  the  temperature  of  decomposition  of  the 
monalkyl  sulphate,  and  the  supply  of  the  alcohol  or  its  vapour  so 
regulated  that  the  temperature  remains  constant  at  that  point. 

The  secondary  and  tertiary  alcohols  are  most  readily  decomposed 
in  this  way  (that  is,  at  the  relatively  lowest  temperatures). 

If  the  alkyl  haloids  be  employed  as  the  raw  material  for  the  pre- 
paration of  defines,  the  decomposition  is  efiected  by  means  of 
alcoholic  potassic  hydrate.  The  potassium  unites  with  the  halogen, 
whilst  the  hydros^l  residue  of  the  base  removes  a  hydrogen  atom 
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from  the  neighbouring  carbon  atom^  and  double  carbon  linking  then 
ensues  : 

CnH2„+  ,1  +  KOH  =  KI  +  HjO  +  C„H2„. 

469.  Tri-  and  polyvalent  alcohols  yield  olefmes  when  heated  with 
adequate  quantities  of  sufficiently  concentrated  hydriodic  acid  : 


CH2.0H 

2HI 

I2        HjO 

CH3 

CH.OH  + 

HI 

=        +    HaO 

1    • 
+  OH2 

CHa.OH 

HI 

I2 

HgO 

CHa 

Glycerine. 

Propylene. 

Olefines  with  „'  carbon  atoms  are  obtained  from  the  monobasic 
organic  acids  of  the  formula  CnHjnOa  or  Cn'Hjn'+i.OH  when  their 
salts  are  mixed  with  soda  lime  and  submitted  to  dry  distillation ;  not 
only  paraffins  being  formed  (§  149),  but  also  hydrogen  and  olefineB : 

Cn'Han'+i.CO.ONa  +  HONa  =  C0(0Na)3  +  H^  +  Cn^Han'. 

Single  olefines,  especially  the  first  members  of  the  series,  occur 
amongst  the  products  of  the  dry  distillation  of  complex  organic  bodies. 
Lighting  gas,  prepared  from  wood  or  coal,  invariably  contains  some 
quantity  of  ethylene,  C2H4. 

460.  The  true  defines  invariably  unite  with  free  halogens  when 
brought  into  contact,  with  change  of  the  divalent  union  of  the  carbon 
atoms  into  monovalent,  and  formation  of  the  define  dihaloids.  As 
these  do  not  mix  with  water,  and  otherwise  resemble  oils,  ethylene 
received  the  name  olefiant  gas,  and  the  whole  group  of  hydrocarbons 
are  termed  olefines. 

The  property  of  direct  union  with  halogens  is  general  to  molecules 
with  other  than  single  carbon  union. 

Similarly  to  their  behaviour  with  halogens,  the  defines  also  unite 
with  the  elements  of  hypochlorous  acid,  with  formation  of  define 
haloid  hydrates  : 

CHa         CI  CH2.CI 

+    I       «     I 
IHj        OH        CH2.OH 


i, 


That  defines  unite  with  concentrated  sulphuric  acid  to  form  mon- 
alkyl  sulphates,  and  with  haloid  hydro-acids  to  form  alkyl  haloids,  has 
been  already  mentioned  (§  163),  as  also  the  fact,  in  the  case  of  defines 
containing  more  than  two  carbon  atoms,  that  the  bodies  so  formed 
are  derivatives  of  secondary  or  tertiary  alcohols. 

461.  All  olefines  have  the  property  of  polymerising  at  the  moment 
of  their  formation,  their  nascent  bonds,  instead  of  uniting  to  divalent 
linking,  combining  with  those  of  similar  molecules,  and  so  yielding 
bodies  in  which  closed  rings  must  exist.  In  the  simplest  cases  two 
olefino  molecules  unite  together,  but  the  polymerisation  can  go  much 
further.  In  the  preparation  of  isoamylene  from  isoamylic  alcohol, 
diisoamylene  and  triisoamylene  are  invariably  formed.  Their  forma- 
tion may  be  explained  as  follows  : 
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CH3  CH3  OH3  CH3 

I                             II  \ 

OHa— C  CH3— C CH  CH 


Hi 


CH,— C 


\ 

L3       CH.3 

Ifoamykna.  Diifloamjlena.  TriiBoamylene. 


OIL 


These  polymers  have  been  mostly  but  little  investigated.  Their 
general  molecular  formula  is  evidently  the  same  as  that  of  the 
olefines : 

a  .Cn'H2n'  ^^  CiiH2n>  if  d  .  n*  ^  >. 

They  difEer  frequently  in  their  properties  fix>m  the  simple  olefines. 

CH 
Ethf/lene,  C2H4  =  M 

46S.  The  first  member  of  the  series  is  ethylene,  also  termed 
eihene  or  oleJiafU  gas,  as  the  property  of  yielding  an  oily  body  with 
chlorine  was  first  discovered  in  its  case. 

It  is  dimethene,  and  results  therefore  from  the  halogen  derivatives 
of  methene  on  removing  the  halogen  from  them  by  metals  : 

2CH2.I2  +  2Na2  =  4NaI  +  CH2 :  CH2. 

Similarly  it  is  formed  from  methylic  alcohol  on  heating  with  phos- 
phoric anhydride,  the  two  methene  groups  in  the  nascent  state 
uniting  to  an  ethylene  molecule. 

It  IS  obtained  by  the  dry  distillation  of  many  organio*  substances, 
such  as  &.ts,  resins,  coaJ,  wood,  <&c.;  in  small  quantity  also  by  the 
distillation  of  salts  of  organic  acids,  even  those  of  formic  acid.  Syn- 
thetically it  can  be  prepared,  together  with  methane,  by  passing  a 
mixture  of  the  vapour  of  carbonic  disulphide  and  sulphuretted  hydFO- 
gen  gas  over  heated  copper  : 

2CS2  +  2H2S  +  12Cu  =  6CU2S  +  C2H4. 

It  is  most  conveniently  prepared  by  heating  ethylic  alcohol  with 
sulphuric  acid  or  boric  anhydride.  By  employment  of  the  first  the 
process  can  be  made  continuous,  the  method  b^ng  as  follows  : — 

A  mixture  of  twenty-five  grams  alcohol  with  150  grams  of  con- 
centrated sulphuric  acid  is  placed  in  a  flask  of  two  to  thi*oe  litres' 
capacity,  which  is  placed  on  a  sand  bath  and  connected  to  a  series  of 
four  Woulflfs  bottles,  of  which  the  first  serves  to  collect  the  condensed 
liquid  distillate ;  the  second  contains  concentrated  sulphuric  acid  ;  the 
third  and  fourth  are  about  half  filled  with  concentrated  potassic 
hydrate  solution,  to  absorb  any  acid  gases  (SO2  and  CO2).     The  flask 
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a 

is  now  heated  till  ethylene  is  quietly  evolved,  and  a  oooled  mixture  of 
equal  parts  of  ethylic  alcohol  and  concentrated  acid  is  then  allowed  to 
flow  drop  by  drop  down  the  funnel  tube  placed  in  the  neck  of  the 
flask.  By  regulating  the  rapidity  of  the  flow  and  the  flame,  a  con- 
tinuous evolution  of  ethylene  is  obtained,  which  may  be  passed  from 
the  last  WoulflTs  bottle  into  a  gas  holder,  or  into  the  halogen  directly, 
if  required,  for  the  preparation  of  ethylene  dihaloids. 

463.  Ethylene  is  a  colourless  gas  of  peculiar  agreeable  odour, 
which  bums  in  air  with  a  clear  luminous  flame.  Its  density  is 
•9784.  At  0°  and  under  a  pressure  of  42®  atmospheres  it  condenses 
to  a  mobile,  colourless  liquid. 

Water  absorbs  about  \  volmne,  alcohol  and  ether  about  two 
volmnes,  of  the  gas.  Ethylene  unites  directly  and  readily  with  chlorine, 
bromine,  and  iodine,  to  form  dihaloids ;  it  is  also  absorbed  by  concen- 
trated sulphuric  acid,  especially  on  slight  warming,  hydric  ethylic 
sulphate  being  formed  : 

CHa  :  CHj  -h  HaSO^  =  (CH3.CH3)HS04, 

from  which,  by  distillation  with  water,  ethylic  alcohol  can  be  re- 
generated. It  is  absorbed  with  much  greater  readiness  by  Nord- 
hausen  sulphuric   acid,  yielding  with  the  SO3  ethionic  anhydride 

(§  513). 

It  is  also  absorbed  by  concentrated  hydriodic  acid,  especially  on 
gentle  heating,  ethylic  iodide  being  formed  : 

CHg :  CHa  -h  HI  =  OHa.CHal. 

At  a  red  heat  it  is  decomposed,  yielding  methane  and  tarry 
products. 

464.  Polymerisation  of  Ethylene. — In  the  distillation  of  ethylene, 
polymeric  products  are  always  formed,  though  but  in  small  quantity. 
These  are  more  abimdantly  obtained  by  the  dry  distillation  of  metallic 
ethylic  sulphates.    Together  with  ethylene  : 

K.CaH5.S04  =  KHSO4  4-  C2H4, 

condensable  vapours  pa£s  over,  which  collect  in  a  cooled  receiver  to  a 
liquid  of  acid  reaction.  On  treatment  with  water,  an  oil  separates, 
from  which  on  strong  cooling  a  solid  hydrocarbon — etherine — crystallises, 
which  melts  at  110°  and  boils  at  260°.  The  portion  remaining  liquid 
is  termed  etheroL  Both  bodies  have  the  percentage  composition  of 
oleflnes  and  the  formula  CnHgn- 

Propylene,  CgHe  =  CHa.CHiCHa. 

465.  Propylene  is  frequently  observed  amongst  the  products  of  the 
dry  distillation  of  organic  bodies.  It  is  formed,  e.g.,  when  the  vapour 
of  isoamylic  alcohol  is  passed  through  red-hot  tubes  and  by  the  dry  dis- 
tillation of  the  salts  of  many  acids  of  the  formula  CnHjnOa.  Iso- 
propylic  iodide  is  converted  into  propylene  by  alcoholic  potassic  hy- 
drate even  at  40°-50° : 

CHa.CHI.CH3  -h  KOH  =  EJ  -}-  HjO  -h  OHa.OHiCHa. 

Primary  propylic  iodide  suflera  the  same  decomposition,  only  with 
greater  difficulty. 

u 
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Firopylene  is  further  obtained  by  the  action  of  phosphorous  iodide 
OT  hydriodic  acid  upon  glycerine  (§  459).  Nearly  pure  it  is  obtained 
with  greatest  readiness  when  allylic  iodide  is  treated  with  adnc  and 
hydrochloric  add  in  the  presence  of  alcohol : 

CH,  OH, 

2CH  +  2Zn  +  2HC1  =  Znl,  +  ZnCla  +  2CH 

OH,I  CH, 

Propylene  is  a  gas  very  similar  to  ethylene,  and  of  the  density 
1  '498.  It  is  liquefied  on  great  compression.  It  is  readily  absorbed  by 
concentrated  sulphuric  acid  in  the  cold,  yielding  isopropylic  hydric 
sulphate,  which  even  at  ordinary  temperatures  soon  decomposes 
into  sulphuric  acid  and  polymeric  propylenes. 

It  yields  isopropylic  icxlide  directly  with  concentrated  hydriodic 
add,  and  isopropylic  chloride  by  long  heating  with  hydrochloric  add. 

Butylenes,  Q^IEL^, 

466.  The  two  tetracarbon  nudd  admit  of  three  butylenes. 

1.  Normal  butyleney  CHa.CHj.CH'.OH,,  is  obtained  as  methyl 
allyl  by  heating  a  mixture  of  methylic  and  allylic  iodides  diluted 
with  ether  and  metallic  sodium  at  100°  in  strong  closed  vessels : 

CH3I  +  I.CHa.CH  :CHa  +  Na,  =  2NaI  +  CHa.CHj.CH:CH,. 

The  cooled  vessel  is  surro^mded  with  a  freezing  mixture,  opened, 
and  the  butylene  by  gentle  heating  distilled  over  into  recdvers  cooled 
to  at  least  — 10°.  It  is  then  obtained  in  the  form  of  a  light,  mobile, 
colourless  liquid,  which  distils  at  about  —4°.  It  unites  with  hydrio- 
dic acid  to  form  secondary  butylic  iodide. 

The  same  butylene  is  also  obtained  by  the  action  of  zinc  ethyl 
on  monobrom-ethylene : 

Zn(C,H5)2  +  2BrCH:CH,  =  ZnBra  +  2C^HyCR:GK^, 

and  by  the  decompodtion  of  primary  butylic  iodide  by  potasdc  hy- 
drate.    It  boils  at  —  6°. 

CH 

2.  liobutylene,  pTT^^C=CH2,  is  obtained  by  several  methods. 

Isobutyl  alcohol  and  trimethyl  carbinol  both  yield  it  on  treatment 
with  sulphuric  acid  or  zindc  chloride,  a  sreat  part,  however,  poly- 
merising. It  is  more  generally  prepared  by  decompodtion  of  isobutylic 
iodide  or  trimethyl  carbin-iodide  (§  193)  with  alcoholic  potassic  hy- 
drate : 

(CH3)aCH.CH,I  -}-  KOH  =  KI  -}-  HjO  -}-  (CH3)2:C=iCH2 
(CHa)aCI.CH,  +  KOH  =  KI  -h  H,0  +  (0Ha)2:0=CHa. 

It  is  also  obtained  when  the  vapour  of  isoamylic  alcohol  is  passed 
through  red4iot  tubes,  and,  together  with  hydrogen  and  diisobutyl, 
by  the  dectrolysis  of  aqueous  solutions  of  alkiJine  valerates. 

It  is  an  unpleasant-smelling  gas,  which  condenses,  on  cooling  with  a 
mixture  of  ice  and  salt,  to  a  colourless  liquid  boiling  at  —  7°  to  —  6°. 

It  unites  readily  with  hydriodic  add,  forming  trimethyl  carbin- 
iodide.     It  is  absorbed  by  a  mixture  of  three  parts  of  concentrated 
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sulphuric  add  and  one  part  of  water,  giving  hydric  trimethyl  carbin- 
stdphate,  which,  after  dilution  with  much  water,  yields  trimethyl 
carbinol  on  distillation  (§  169).  At  the  same  time  a  considerable 
portion  of  the  isobutylene  polymerises,  separating  even  during  the 
absorption  of  the  gas  as  a  colourless  oil,  which  consists  in  great  part 
of  triisobutylene,  Ci^R^o  boiling  at  173^-176°. 

3.  PseudohutyUne  is  formed  by  heating  secondary  butylic  iodide 
with  alcoholic  potassic  hydrate  : 

CH3  CH3 

CHj  CH 

I  +KOH  =  KH-HjO+     II 

CHI  OH 


i 


JH3  CH3 

and  by  heating  the  vapour  of  normal  secondary  butylic  alcohol  to  250°. 
It  is  liquid  at  0°,  boils  at  +  3°,  and  on  strong  cooling  crystallises. 
It  unites  with  hydriodic  acid  to  form  secondary  butylic  iodide. 

AmyleneSy  OgHiQ. 

467.  Of  the  five  possible  hydrocarbons  of  the  amylene  formula  in 
which  two  neighbouring  carbon  atoms  are  doubly  united,  only  four 
have  yet  been  obtained,  and  in  part  stUl  require  investigation. 

1.  Normal  amylene,  or  ethyl-dllyl,  CH3.CH2.CH2.CH:CHj,  is 
obtained  by  the  action  of  sodium  on  a  mixture  of  ethylic  and  allylio 
iodides : 

0H3.CHaI  +  ICHj-CHcCHa  +  Na,  =  2NaI 

4"  CH3.CH2.OH2.CH  :CH2. 

It  is  a  colourless  liquid,  boiling  at  73°,  which  gives  with  hydriodic 
acid  first  normal  secondary  amyUc  iodide  (§  194),  and  unites  with 
hydrochloric  acid,  apparently  only  in  the  warm,  to  the  corresponding 
first  normal  secondary  amyUc  chloride.  Normal  amylene  occurs  in 
the  fraction  distilling  between  30°-40°  of  tiie  products  of  the  dry  dis- 
tillation of  some  asphalts. 

CH 

2.  Isoamylene,  ^-^^^C  iCH.CHg,  is  formed,  together  with  its  poly- 

mers,  by  the  distillation  of  isoamylic  alcohol  with  zindc  chloride,  as  a 
mobile,  colourless  oil  of  peculiar  odour,  of  35°  boiling  point  and 
•663  sp.  gr.  at  0°.  It  combines,  even  in  the  cold,  with  hydrochloric 
acid  to  secondary  isoamylic  chloride,  with  hydriodic  acid  to  the  cor- 
responding iodide  (§  194). 

It  is  converted  nearly  completely  into  its  polymers  by  contact 
with  concentrated  sulphuric  acid,  or  by  action  of  zindc  chloride  on 
heating;  dilute  sulphuric  acid  partly  producing  this  change,  partly 
forming  secondary  isoamylic  hydric  sulphate. 

Diamylene,  C10H2Q,  is  an  oil  boiling  at  165°  and  of.  777  sp.  gr., 
which  unites  with  two  atoms  of  bromine  to  form  CjoHjoBrj. 
Triamylene,  Ci6H30  =  (C5H|o)3,  distils  at  248°;  tetramylene, 
C20H40  =  (CsHio)*,  at  above  390°. 

3.  An  amylene  also  boiling,  at  35°,  but  differing  from  the  fore- 
going, is  obtained  from  the  iodide  of  tertiary  amyHc  aJcohol  (§  170,  6) 

u3 
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by  deoompofiitioii  with  alcoholic  potassic  hydrate.  Its  odour  iB 
different  to  that  of  isoamylene,  and  by  union  with  hydrochloric  acid  it 
is  reoonverted  into  tertiary  amylic  iodide.    It  is,  therefore,  either 

^g^C.CHa.CH8  or  ^][^8>a=CH.CH3. 

Probably  it  has  the  first  formula,  as  the  second  agrees  more  with  the 
properties  of  the  former  isomer. 
4.  An  amylene  boiling  at  25^  : 


^^]^3>CH.CH:CHalY 


is  obtained  from  the  optically  inactive  isoamylic  iodide  by  action  of 
alcoholic  potassic  hydrate,  which  appears  to  yield  tertiary  isoamylic 
chloride  with  hydrochloric  acid. 

6.  Meihylrethyl  ethene,  CHa.CH :  CH.CH,.CH3,  is  obtained  by  the 
action  of  potassic  hydrate  on  the  iodide  from  diethyl  carbinoL  It 
boils  at  36^ 

The  amylene  obtained  by  heating  zinc  ethyl  with  chloroform  : 

CHOI3  +  Zn(C2H5)2  =  ZnCla  +  HCl  +  O5H10, 
requires  further  investigation. 

ffexylenes,  C^H]). 

468.  Several  olefines  of  this  formula  have  been  prepared,  but 
scarcely  enough  investigated  to  enable  rational  formulae  to  be  assigned 
to  them  with  certainty.  Two  isomeric  hezylenes  occur  in  the  products 
of  diy  distillation  of  certain  asphalts,  which — the  one  in  the  cold,  the 
other  only  on  heating — unite  with  hydrochloric  acid  to  form  two 
different  chlorides,  CgHiaCl  (boiling points  115°-117°  and  122^-124°). 

Normal  primary  hexylic  iodide  gives  with  alcoholic  potassic  hydrate 
a-hexylene,  boihng  at  68°-70%  probably  CH3.CH3.CHa.CH2.CH :  CHa. 

The  best  known  hexylene  is  obtained  by  decomposing  first  normal 
secondary  hexylic  iodide  (§  195)  with  alcoholic  potassic  hydrate.  It 
is  also  derived  from  normal  hexane,  and  is  probably  /3-hexylene, 
CH3.CH2.CHa.CH;CH.CH3.  Its  boiling  point  is  65^-66°.  With 
hydriodic  acid  it  yields  secondary  hexylic  iodide. 

Another  hexylene,  boiling  between  68®  and  72°,  is  obtained  by 
action  of  alcoholic  potassic  hydrate  on  the  iodide  of  diethyl-methyl 
carbinol  (§  171,  6).  Its  constitution  is  expressed  by  one  of  the  two 
formulas: 

^|3.CH,^O.CH3  or  gIl-ggp>C=CH,. 

Hexylenes  from  other  sources,  as  by  decomposition  of  dichlorinated 
petroleum  hexane  by  sodium,  or  by  the  action  of  high  temperatures 
on  paraflin,  &c.y  may  be  passed  over  here,  not  having  been  sufficiently 
investigated. 

469.  Several  of  the  higher  members  of  the  define  group,  exclusive 
of  the  above-mentioned  olefines,  have  been  obtained.  From  such  of 
the  monovalent  alcohols  as  distil  unchanged  they  are  generally  pre- 
pared by  heating  with  sulphuric  acid  or  by  decomposing  the  corre- 
sponding haloid  compounds  by  alcoholic  potassic  hydrate.  By  the 
second  method  a  heptylene,  probably  (CH3)2C:Cn.CH(CH3)2,  has 
been  obtained  from  tiie  iodide  derived  from  dimethyl-isobutyl  cafbinol. 
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It  boils  at  83°-84°  and  has  sp.  gr.  -714  at  0**.  And  by  the  first  method 
a-normal  secondary  octylic  alcohol  (caprylic  alcohol,  from  castor  oil) 
yields  an  octylene,  caprylene,  which  boils  at  118^-119'.  The  higher 
molecular  alcohols  which  cannot  be  volatilised  unchanged  decompose, 
on  dry  distillation,  into  water  and  hydrocarbons  of  the  formula 
CnH2n-  Cetylic  alcohol  thus  yields  cetene,  C16H32,  a  liquid  boiling 
at  275  degrees.  Cerotone,  C27H54,  and  melene,  OaoHgo*  are  crystal- 
line bodies,  which  readily  decompose  further  on  heating,  and  are 
therefore  scarcely  obtainable  in  the  pure  state.  Paraffin  {§  159)  in  all 
probability  contains,  together  with  high  molecular  pankffins,  also  some 
quantity  of  hydrocarbons  of  the  formula  CnH2n.  Such  bodies  also 
occur  in  different  natural  paraffin-like  bodies,  e.g.  in  ozocerite. 

Halogen  Compovmds  of  the  Divalent  Alcohol  Radicals. 

470.  The  hydrocarbons  CnHjn,  existing  as  free  molecules  by  the 
diad  union  of  neighbouring  carbon  atoms,  combine  directly  with  two 
halogen  atoms  to  form  liquid  or  solid  dihaloids  insoluble  in  water. 
The  respective  bromides  and  chlorides  of  low  molecular  weight  distil 
unchanged ;  the  higher  members  decompose,  at  least  partly,  on  heating, 
with  evolution  of  the  hydro-acids,  and  probably,  in  the  first  place, 
formation  of  halogen  mono-substituted  defines  : 

CnH2nd2  ^  HCl  +  CnH2n_iC51. 

The  few  iodides  known  are  unstable  bodies,  which  cannot  be  vola- 
tilised without  partial  dissociation  into  their  components. 

471.  By  action  of  alkaline  hydrates,  best  in  alcoholic  solution, 
these  halogen  compounds  cannot  be  converted  into  the  divalent 
alcohols ;  the  metal  of  the  hydrate  removes  one  halogen  atom,  whilst 
the  OH  group  at  the  same  time  oxidises  and  removes  a  hydrogen 
atom,  and  with  renewed  double  linking  of  carbon  a  mono-halogenated 
define  is  formed : 

C„H2„Cl2  +  KOH  =  KCl  +  H2O  +  CnHan-iCl. 

By  employment  of  a  large  excess  of  alkali,  or  by  action  of  sodic  or 
potassic  ethylates  assisted  by  heating,  this  process  is  repeated,  another 
halogen  atom  and  hydrogen  atom  being  removed,  and  a  hydrocarbon 
of  the  general  formula  CnHjn-  3  formed : 

CnHan-  iCl  ■\-  KOH  =  KCl  +  H2O  +  CnHan.a, 
CnHjn-iCl  +  NaO.CaHft  =  NaCl  +  HO.C2H5  +  CnHan-2- 

In  these  latter  either  two  neighbouring  carbon  atoms  are  in  trivalent 
union,  or  else  the  double  union  occurs  twice  over : 

CHj  OH 

jj  +  KOH  =  KCl  +  HjO  m 

CH3  CH3  OH,  OH3 

dH  C 

I  +KOH  =  KBr  +  HaO+    11 

CBr  0 

OH,  OH, 


294      DEBTVATITES  OF  THE  DUD  ALCOHOL  SADiCAla  C,fi^ 

Till  III!  iitmwiiil  il  fii  II  foniwdutbefiEstpnidnetic/ theacamaf 
klk&luH  kre  tfaeiDKlTCs  Okf^Ue  </  ambmiog  vitfa  rvo  >i  I'cigtu  uotna, 
and  tb;  r«salniij[  tribkioMk,  CaU^-  iCl^.  fafln' «  like  decompoHtkn 
wiifa  klkaliM,  f»  tint  id  tiki*  wat  a  gndiul  RfrfMemoit  of  ilw  hvdiD- 
«s  MODW  of  ponfina  I17  halogois  OD  be  etfeoed.  Tcep 
fae  exprMHfl  hj  the  fblloving  miea  of  eqaanoos : 
C.H^^,Br  +  KOH  =  KBr  +  H^  +  C.H» 
*^.H»  +  Br,  =  C,H,.Br, 

C.H,^,  +  KOH  =  KBr  +  H,0  +  C,H,_.  ,Br, 
C.H,.    ,Br  +  Br,  =  C.H|._,Br„  tribrooi  pmffio 
C-.H,._,Bri  +  KOH  =  KBr  +  OH,  +  C.H».^„  dThnmokfiiw 
''■Hn-iBr,  +  Br,  =  C'BH,a_,Br4,  tetnbrom  panffin 
*^H,..,Br«  +  KOH  =  KBr  +  KOH  +  C,H,._,&-^tribHmi  okfine 


47S.  The  olefine  dilutlcnds  can  be  noonrerted  into  olefines,  with 
pertiaJ  polymeriaation,  by  action  at  etrongty  positiTe  metals  : 

C.HbiC1,  +  Na,  =  2NaCn  +  C,H,.. 
Bj  actioD  of  naaoeitt  hjdrogen,  best  from  xinc  and  hjdrcKhlwic  add, 
or  bj  action  (rf'  hjdriodic  acid,  the  olefine  dihaloids  are  oonvnted  into 
paraffin*  (§  149) : 

C,H„C1,  +  2HC1  +  2Zn  =  2ZaCl,  +  C^a.+,. 

SthyUne  ffaloid*. 

CH,ei 
478.  E&vltne    diehtoride,    C,H,C1,  =    I  ,   tanneric  with 

CH,C1 
ethjrlidene  dichloride  ($  381).  Thii  compound  was  disoovered  in 
1795  by  four  Dntch  uiemiflte,  and  was  long  tanned  Ihtteh  liquid, 
ethylene  being  named  oUfiatU 
ga».  To  prepare  it,  equal  va- 
Inmes  oF  ethylene  and  chlorine, 
both  quite  dry,  are  brooght  to- 
gether in  a  tritnbutated  balloon 
(fig.  21).  The  union  ia  accom- 
panied by  evolution  of  heat,  and 
the  ethylene  dichloride  formed 
condenses  on  the  sidee  of  the 
balloon  and  flows  down  tbe  long 
neck  into  a  cooled  receiver,  from 
which  any  uncombined  gas  can 
escape  by  the  exit  tnbe. 

Ethylene    dichloride     ia    a 
colourlees,  mobile  Uquid  of  sweet 
L  odour,  of  ep.  gr.    1'28  and  of 
boiling  point  86°,    It  is  insoluble 
in  water,  but  miscible  in  all  pro- 
portions with  alcohol  and  ether. 
By  aleoholio  potamic  hydrate  it  ia  converted  into  monochlor  ethylene, 
0]H|OI;  this  by  combination,  with  chlorine  yields  a  trichlor  ethane, 
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C2H3CI3,  which  is  not  identical  with  that  obtained  by  the  direct 
chlorination  of  ethane.  By  repaited  succassi  ve  treatment  with  alcoholic 
potat^ic  hydrate  and  union  with  chlorine  there  are  formed  two  series 
of  chlorinated  ethylenes  and  ethanes,  of  which  only  the  two  members 
richest  in  chlorine  are  identical  with  the  products  of  the  substituting 
action  of  chlorine  on  ethane.  The  following  is  a  tabular  view  of  these 
derivatives  : 


Products  from  Ethylene. 

Products  of  the  direct 

Chlorination  of 

Ethane 

By  Alcoholic  Potassic 
Hydrate 

By  Combination  of  the 
foregoing  with  Chlorine 

CHjCl 

1          boO.  point  85° 
OH2.CI 

CH3 

1          boils  at  58°-59° 
CHClj 

CH2 

1          boils  at -18° 
CHCl 

Chlor  ethylene 

OH2.CI 

boils  at  115° 

CHCla 

Chlor-«tby]ene  dichloride 

CH3 

boils  at  75° 
CCI3 

Trichlor  ethane 

CHCl 

boils  at  +  37** 
CHCl 

Dichlor  ethylene 

CHCl 

1          boils  at  88'' 

CCla 

Trichlor  ethylene 

CHCl  a 

boils  at  137° 

CHCI2 

Dichlor-ethylene  dichloride 

CHjCl 

1          boils  at  102° 
CClj 

Tetrachlor  ethane 

CHCI2 

boils  at  158° 
CCI3 

Trichlor  ethylene  dichloride,  or  pentachlor  ethane 

CCI2 

boils  at  117° 
CCI2 

Perchlor  ethylene 

CCI3 

boils  at  182° 
CCI3 

Perchlor  ethane 

CHoBr 


474.  Ethylene  dibromide,  C2H4Br2  =    |  ,  is  formed,  with 

CHjBr 
strong  evolution  of  heat,  by  bringing  together  bromine  and  ethylene 
gas.  In  order  to  prepare  this  important  body,  which*  serves  as  the 
starting  point  in  the  preparation  of  other  ethylene  derivatives,  ethy- 
lene gas  is  absorbed  by  liquid  bromine  kept  well  cooled.  This  is 
frequently  done  in  a  thick  flask  of  2-3  litres'  contents,  on  the  bottom 
of  which  is  placed  120-150  grams  of  bromine  covered  with  water. 
The  flask  is  then  filled  with  olefiant  gas,  and,  when  the  air  has  been 
completely  expelled,  closed  with  a  cork,  through  which  passes  a  tube 
connected  with  a  gas  holder  filled  with  ethylene.  On  shaking  the 
flask  the  gas  is  quickly  absorbed  by  the  bromine,  and  is  constantly 
replenished  from  the  store  in  the  gas  holder.  Ethylene  evolved  in  a 
regular  stream,  as  in  the  above-given  method  (§  462),  can  be  con- 
ducted directly  into  liquid  bromine,  the  only  precaution  requisite 
being  that  the  gas  remains  a  sufficient  length  d  time  in  oontcust  with 
the  bromine  for  complete  absorption.     This  is  effected  by  passing  the 
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gas  through  the  bromme  contained  in  the  long  limb  of  the  bent  glass 
tube  in  fig.  22. 

As  soon  as,  by  either  of  these  methods,  the  bromine  is  nearly 
saturated  with  ethylene,  shown  by  its  being  nearly  decolorised,  the 

Eroduct  is  shaken  with  dilute  solution  of  alk^  till  colourless,  the  under 
lyer  separated  from  the  aqueous  solution,  and,  after  mixing  with 
oonoentiated  sulphuric  acid  to  fix  the  water,  distilled  on  a  sand  bath, 
when  pure  ethylene  dibromide  passes  over. 

It  is  a  mobile,  colourless,  sweet-fonelling  liquid  of  sp.  gr.  2*163 ; 
it  solidifies  at  0''  to  colourless  crystals,  melting  at  +  9"".  The  boiling 
point  is  129°.  By  alcoholic  solution  of  potassic  hydrate  it  is  con- 
verted into  monobrom  ethylene,  CHsiCHBr  (boiling  point  23°), 
from  which  a  series  of  brominated  ethanes  and  ethylenes  can  be  pre- 
pared, similar  to  the  chlorine  derivatives  (§  473). 


Fig.  ». 


Ethylene  dibromide  can  be  regenerated  from  monobrom  ethylene, 
by  heating  in  closed  vessels  to  100°,  with  a  solution  of  hydrobromic 
add  saturated  at  +  6°  : 

CM]  CMjSr 

II  +  HBr  =    I 

CHBr  CHaBr 

Monobrom  ethylene  unites  more  slowly,  and  apparently  in  quite  a 
different  manner,  with  dilute  hydrobromic  add.  If  the  add  saturated 
at  -h  6°  be  diluted  with  one-third  of  its  volume  of  water,  and  then  em- 
ployedy  ethylidene  dibromide  is  the  main  product : 

+  HBr  =     I 
JHBr  CHBrj 

CHJ 
476.  Ethylene  diiadide,  C2H4I3   =     |         .     Ethylene    unites 

CHjI 
with  iodine  when  exposed  to  light  or  on  gentle  heating,  especially  if 
the  iodine  employed  be  somewhat  damp.  The  compound  is  solid, 
crystallising  in  colourless  silky  needles  or  prisms,  which  melt  at  75% 
and  on  stronger  heating  decompose  into  ethylene  and  free  iodine. 
This  change  aLso  occurs  at  ordinary  temperatures,  though  very  slowly. 


«, 
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Ethylene  diiodide  can  only  be  sublimed  or  preserved  colourless  in 
vessels  filled  with  ethylene  gas. 

Alcoholic  potassic  hydrate  decomposes  ethylene  diiodide  very 
readily.  Only  a  little  moniodo-ethylene,  GK^iCHI,  is  obtained,  as  a 
colourless  oil;  boiling  at  55^,  the  greater  part  being  converted  into 
acetylene,  C2H2  : 

CHjI  OH 

I  +  2K0H  =  2KI  +  2HjO  +   |i| 

476.  Some  double  haloids  of  ethylene  are  known. 

Ethylene  chloro-iodide,  C2H4CII  =  CHaCl.CHjI,  can  be  prepared 
by  the  action  of  ethylene  on  iodine  chloride,  and  by  decomposition  of 
ethylene  diiodide  with  a  little  mercuric  chloride : 

2CaH4lj  +  HgCla  =  Btglj  +  2CJH4CU. 

It  is  a  heavy  liquid  of  sweet  odour,  boiHng  at  137°-138®. 

Ethylene  brom-iodide,  C2H4BrI  =  CHjBr.CHjI,  is  formed  when 
hydriodic  acid  (saturated  at  +  4°)  is  heated  at  100°  with  brominated 
ethylene,  and  when  iodine  bromide  is  saturated  with  defiant  gas.  It  is 
a  colourless  mass,  melting  at  28°,  which  boils  at  163°  and  luus  sp.  gr. 
2-7  at  +  l^ 

Halogen  Compounds  of  Propene, 

477.  The  divalent  alcohol  radical  CaHe  can  possess  two  different 
constitutions,  namely  : 

OII3  CI1.2 — 


CH—    and     CHj 

I  I 

CH2 CH2 

Propylene.  Trimethene. 

Derivatives  of  both  are  known. 

A:7S.  Propylene  dichloride,  CaHgCla  =  CH3.CHCLCH2CI,  is  ob- 
tained directly  from  propylene  and  chlorine  gas,  and  by  the  action  of 
chlorine  gas  upon  isopropylic  chloride  in  sunlight : 

CH3  QH3 

CHCl  +  CI2  =  HCl  +  CHCl 

I  I 

CH3  CH2CI 

in  the  latter  case  obtained  together  with  the  metameric  methyl  chloiv 
acetol  (§  445).  It  is  a  colourless  liquid,  boiling  at  96°~97°,  and  has 
sp.gr.  1 '1656  at  14°.  By  alcoholic  potassic  hydrate  it  is  conyerted 
into  monochlor  propylene  (boiling  at  23°)  : 

CH3  CH, 

CHCl    +  KOH  =  KCl  +  HaO  +  OCl 

CHjCl  *  CHj 

the  same  which  is  formed  from  acetone  by  the  action  of  phosphoric 
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ohlorida  The  chlor  propylene,  CHs.CH'.CHCl,  isomeric  with  this, 
has  not  yet  been  observed. 

Propylene  diJbromide,  OaHgBrj  =  CHj.CHBr.CHjBr,  is  formed 
by  the  absorption  of  propylene  gas  by  bromine,  and  by  heating  iso- 
propylic  bromide  with  liquid  bromina  It  is  an  oil  boiling  at  142°, 
having  the  sp.  gr.  1*974.  It  is  converted  into  monobrom  propylene, 
CHj.CBr.CHj  (boiling  point  57*-58°),  by  action  of  alcoholic  potassic 
hydrate,  from  which,  by  heating  with  hydrobromic  acid  saturated  at 
+  6^,  propylene  dibromide  is  regenerated,  whilst  by  employment  of 
more  dilute  acid,  methyl  brom-acetol  (§  445),  OH3.CBr2.CH3,  is 
formed. 

Propylene  diiodide,  C3H5I,  =  CH3.CHI.CH2I,  obtained  by 
direct  union  of  iodine  and  propylene  at  a  temperature  of  50^-60°,  is 
a  colourless  oil  of  powerfid  odour,  decomposing  on  distillation. 

Propylene  Moro-bromide,  CH3.CHBr.CH2Cl,  is  obtained  by 
heating  monobrom  propylene  with  concentrated  hydrochloric  acid. 
It  boils  at  11 2''-l  13°,  and  is  reconverted  into  monobrom  propylene 
by  alcoholic  potassic  hydrate : 

CH3.CHBr.CHja  +  KOH=  KCl  +  HjO  +  CH3.CBr:CH,. 

The  isomeric  propylene  bromo-cMoride,  CH3.CHCl.CHsBr,  is  ob- 
tained by  continued  boiling  of  propylene  dibromide  with  mercuric 
bromide  : 

2CH3.CHBr.CHaBr  +  HgCl,  =  HgBr,  +  2CH3.CHCl.CHjBr. 

It  boils  constantly  between  119°  and  120°,  and  yields  monoohlor  pro^ 
pylene  on  boiling  with  alcoholic  potassic  hydrate : 

CH3.CHCl.CHjBr  +  KOH  =  KBr  +  OH,  +  CH3.CCI :  CH ,. 

On  heating  propylene  haloid  compounds  with  water  to  210°~220°  in 
sealed  glass  tubes,  there  is  obtained,  together  with  halogen  hydro- 
acid,  not,  as  might  have  been  expected,  projpylene  oxide,  formed  by 
the  direct  replacement  of  the  halogen  by  an  atom  of  oxygen,  but  the 
compounds  isomeric  with  this,  acetone  and  propionic  aldehyde. 
Without  doubt  in  these  decompositions  it  is  not  both  hydrogen  atoms 
of  the  water  molecule  that  are  employed  to  form  the  halogen  hydro- 
add,  but  only  one  of  them,  together  with  a  hydrogen  atom  of  the 
propylene;  so  that  the  process  proceeds  with  intermediate  phases 
in  tne  following  way  : 

CH3.CHCI.CHJCI  +  HOH  =  HCl  -h  CH3.CCl:CHa  +  HOH 

=  2HC1  +  CH3.CO.CH3, 

and  CH3.CHCICH2.CI  +  HOH  =  HCl  -h  CH3.CH:CHC1 
+  HOH  =  2HC1  -h  CH3.CHj.CHO. 

479.  Trimethene  dibromide,  CHjBr.CHj.CHjBr,  is  formed  by 
heating  allylic  bromide  with  hydrobromic  acid  (saturated  at  0°)  for  a 
short  time  to  100°  in  sealed  tubes.  Some  propylene  dibromide  is 
always  formed  also.    The  process  can  be  expressed  by  the  equation  : 

CHa  CHjBr  CH3 

oOH       +  aHBr  =  WHj       +  (a-6)  CHBr 

CHjjBr  OHjBr  OHJBr 

Allylio  bromide.  TUmethene  bromide.       Propylene  brr>inide. 
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The  iflomeric  products  are  separated  by  fractional  distiJlation. 

Scarcely  anything  but  trimetheue  dibromide  is  obtained  when 
hydrobromic  add  is  passsed  into  allyl  alcohol  at  0°  : 

CH  +  2HBr  =  HjO  +  CHj 

CHj.OH  CHaBr 

Allylic  alcohol. 

Trimethene  dibromide  is  a  colourless  liquid  insoluble  in  water, 
boiling  at  160°-163°  (about  20°  higher  than  propylene  dibromide) 
and  iSiving  sp.  gr.  201 77  at  0°.  It  is  reconverted  into  allylic 
bromide  by  alooholic  potassic  hydrate : 

CHjBr  CHj 

CHa       +  KOH  =  KBr  +  HjO  +  CH 

CHjBr  OHjBr 

Trimethene  dichloride  is  obtained,  by  heating  trimethene  dibro- 
mide for  a  long  time  at  160^  with  mercuric  chloride,  as  a  colourless 
oil  boiling  at  117°,  having  at  15°  sp.  gr.  1*201,  and  being  converted 
into  allylic  chloride  by  alcoholic  potassic  hydrato : 

CS2CI  OS] 

JHj        +  KHO  =  Ka  +  H2O  +    CH 
.  OH2CI  CH2CI 

Trimethene  dichloride.  Allylic  chloride. 

HigJier  Homologues, 

480.  Butene  Dihaloids, — As  yet  only  few  haloid  compounds  of 
the  three  butyl  ones  (§  476)  are  known. 

N<yrmal  butylene  dibromide,  or  methyl-cbllyl  dibromide : 

CHa.CHa.CHBr.CHjBr, 

boils  at  156°-159°,  but  has  probably  not  yet  been  obtained  quite 
pure.  The  bromine  compound  of  the  butylene  obtained  by  action  of 
zinc  diethyl  on  monobrom  ethylene  boils  at  166°. 

Fsevdo'butylene  dibromide,  CH3.CHBr.CHBr.CH3,  obtained  from 
butylene  and  bromine,  boils  at  159°. 

Two  halogen  compounds  of  isohutylene  are  known.  The  dichloride^ 
(CH3)2  iCCl.CHaCl,  l>oil8  at  130°,  the  dibromide  at  149°.  Similarly 
to  the  propylene  dihaloids,  which  yield  propionic  aldehyde  on  boiling 
with  water,  isohutylene  dibromide  gives  isobutyric  aldehyde  : 

(CH3)  tCBr.CHjBr  +  HjO  =  2HBr  +  (CH3)2 :  CH.CHO. 

481.  Normal  amylene  dibromide ,  or  ethyUaUyl  dibromide  : 

CH3.CH2.CH2.CHBr.CH2Br, 
boils  at  about  175°. 


i, 
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Itoamylene  dichloride,  (CH3)2.CC1.CH01.CH3,  is  a  colourless  dis- 
tillable  oil.  lioamylene  dibromlde,  (CH3)2.CBr.CHBr.CH3,  boila  with 
sli^t  decomposition  between  170^  and  175°,  and  yields  with  alcoholic 
potassic  hydrate  nwnohrom  cmiylene,  (CH3)2:CH.CBr:CH3,  whose 
boiling  point  is  112^ 

482.  The  dibromides  of  the  higher  members  of  the  series,  soch  as 
hezylene,  octylene,  and  diamylene,  are  oily  liquids  which  decompose 
on  distillation.     Some  of  these  bodies  will  be  mentioned  later. 

The  Dtadd  Alcohols  or  GlycoU,  CnH2n(0H)j. 

488.  The  methods  used  for  preparing  the  glycols  or  dihydrates  of 
the  divalent  alcohol  radicals  vary  with  the  nature  of  these  bodies. 
In  most  cases  the  dihaloid  compounds  are  employed,  and  are  first 
converted  into  the  acetates. 

A  good  yield  is  obtained  by  employing  the  diiodides  or  dibromides 
of  the  defines,  and  heating  them  with  argentic  acetate  in  presence  of 
glacial  acetic  acid: 

CnHj»Ij  +  2AgO.CjH30  =  2AgI  +  CnH2„(O.CjH30)2. 

The  diacetate  is  first  purified  by  distillation,  and  then  saponified  by 
addition  of  just  the  requisite  quantity  of  alkali  : 

CnH»(0.CjH30)j  +  2K0H  =  2KO.C,H80  +  CnHj„(OH)j. 

Another,  if  also  analogous,  way  consists  in  heating  the  dibromides 
or  dichlorides  of  the  olefines  with  alcohol  and  potassic  acetate  to  100°, 
until  the  reaction  is  complete.  There  is  then  formed  potassic  and 
ethylic  acetates  together  with  the  define  hydrate  acetate  : 

CnHjnBrj  +  HOC2H5  +  2KO.C2H3O  =  2KBr  +  CjHftO.CjHjO 

+  C„H2„{OH)(O.C2H30), 

which  is  also  purified  by  rectification  and  then  decomposed  by  the 
requisite  quantity  of  strong  basic  hydrate,  and  the  glycol  separated  by 
fraictional  distillation. 

The  double  tertiary  glycols  or  pinaconee  are  prepared  from  the 
ketones  by  action  of  nascent  hydrogen. 

484.  The  glycols  are  mostly  syrupy  liquids,  the  lower  members 
mixing  in  all  proportions  with  water,  but,  like  the  alcohols, 
CbH 211+1  •OH,  becoming  less  soluble  with  rise  in  molecular  weight. 
They  are  soluble  in  alcohol  without  exception,  mostly  also  in  ether. 
So  &r  as  the  members  of  this  series  have  yet  been  obtained,  they 
distil  unaliSered  and  generally  taste  sweet. 

By  action  of  hydrochloric  add  gas  they  are  converted  into  mono- 
hydrate  chlorides : 

CnH,„(OH),  +  Ha  =  C„H«{  g'g 

which  by  action  of  phosphoric  chloride  are  converted  into  the 
dichlorides : 

CnHan  {  OH  +  ^^^^  =  ^^»  +  HCl  +  CnHjnCl,. 

Hydrobromic,  and  especially  hydriodic,  acids  convert  the  glycols 
with  greater  readiness  and  completely  into  the  respective  dilmloids. 
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By  beatmg  with  ooncentrated  hydriodic  acid  to    150^-200^  olkyl 
iodides  are  formed  : 

OnHj„{OH)2  +  3HI  =  2OH2  +  I,  +  C„Hj^n+iI, 

and  even  paraffins : 

0^H2„(0H)a  +  4HT  =  2H2O  +  21,  +  OJl^^^- 

Eihyhne  Glycol,  CjHgOa  =  C2H4{OH)2. 

485.  To  obtain  ethylene  dihydrate  or  ethylene  glycol,  firequently 
also  termed  glycol,  either  ethylene  diacetate,  boiling  at  187°,  is  pre- 
pared by  heating  ethylene  diiodide  with  argentic  acetate  in  presence 
of  glacial  acetic  acid  at  lOO'' : 

CHjI  0Hj.0.C8H,0 

I  +  2AgO.C,H,0  =  2AgH-    [ 

CHjI  OHj.O.C8H80 

or  ethylene  hydrate  acetate  (boiling  at  182°)  is  prepared  from  ethylene 
dichloride  or  dibromide,  alcohol,  and  potassic  acetate  : 
OH  Br 

+  2KO.C2H,0  +  HO.OjHg  =  CjHftO.OjHjO 
)H2.Br 

CHa.OH 

+    I 

CH2.0.CaH30 

In  employing  this  latter,  generally  preferable,  method,  equal  parts 
of  potassic  acetate  and  ethylene  dibromide  are  placed  in  a  thick- walled 
flask — e.g.  champagne  bottles — two  parts  of  aJcoho]  are  then  added,  and, 
after  secaring  the  cork  in  its  place,  are  heated  for  several  hours  on  the 
water  bath.  If  ethylene  chloride  be  employed,  the  proportions  must  be 
altered  to  one  part  of  this,  two  parte  of  potassic  acetate,  and  four 
parte  of  alcohol. 

After  cooling  the  heated  mixture  much  potassic  chloride  or  bro- 
mide is  found  to  have  crystellised  out;  the  alcoholic  solution  is 
filtered,  the  alcohol  and  ethylie  acetete  distilled  off*,  and  that  portion 
passing  over  at  higher  temperatui'es  submitted  to  fractional  distilla- 
tion. To  that  passing  over  between  140°  and  200°,  mostly  ethylene 
hydrate  acetate,  a  hot  concentrated  solution  of  potassic  hydrate  is 
slowly  added,  until  a  distinctly  alkaline  reaction  is  obtained  alter 
long  shaking.  Carbonic  anhydride  is  then  passed  in  to  convert  the 
free  alkali  inte  carbonate,  and  the  whole  submitted  to  distillation. 
Water  first  passes  over.  Ethylene  glycol  is  obteined  by  repeated 
fractionation  from  that  portion  distilling  above  100°. 

Instead  of  potassic  hydrate,  the  saponification  may  be  effected  in 
similar  manner  by  hot  saturated  solution  of  baric  hydrate.  After 
precipitotion  of  the  excess  of  baric  hydrate  by  carbonic  anhydride, 
the  whole  is  evaporated  as  far  as  possible  on  the  water  bath,  the 
baric  acetete  precipiteted  from  the  residue  by  addition  of  absolute 
alcohol,  and  the  glycol  separated  from  the  alcoholic  filtrate  by  frac- 
tional distUlatioD. 

Ethylene  glycol  can  be  obtained  in  one  operation  from  ethylene 
dibromide,  when  molecular  weighte  of  it  and  of  potassic  acetate  are 
heated  with  double  the  weight  of  alcohol  in  a  vessel  provided  with 
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an  inTerted  condenser,  and  the  filtered  liquid  sabmitted  to  fractional 
distillation.  About  one-half  of  the  bromide  is  obtained  unchanged, 
the  other  half  in  great  part  as  ethylene  glycol.  Undoubtedly  ethylene 
1nx)inide  acetate  is  first  formed  : 

20aH4Brj  +  2KO.CaH30  =  2KBr  +  2CjH4Br(O.OjH30), 

which  is  resolved  by  the  alcohol  present  into  ethylic  acetate,  ethylene 
dibromide,  and  glycol  : 

20jH4Br(OOjH,0)  +  20aH5.0H  =  OaH^Br,  +  20jH5.0.CjH,0 

+  CaH4(0H),. 

486.  Ethylene  glycol  is  a  colourless  liquid,  of  about  the  consistence 
of  a  thin  syrup,  of  sweet  and  alcoholic  taste,  and  scarcely  any  smelL 
Its  sp.  gr.  is  1*125  at  0%  the  vapour  density  2*164.  Its  boiling  point 
is  19r. 

It  mixes  with  water  and  alcohol  in  every  proportion,  but  is  less 
soluble  in  ether.     Sodium  dissolves  in  it,  with  evolution  of  hydrogen, 

r  OH 

the  compound,  CjHfK  q^,  corresponding  to  sodic  ethylate,  being 

first  formed  as  a  solid  white  mass.  By  heating  to  190°  with  as  much 
sodium  again,  this  is  converted,  though  completely  only  with  difi^ulty, 
into  d%8odic  ethyleruUe,  CsH4(ONa)2.  Like  the  sodium  derivatives  of 
theCnHsn^.!  fldcohols,  both  these  bodies  are  decomposed  by  water, 
yieldi^  glycol  and  sodic  hydrate. 

487.  Ethylene  glycol,  as  a  diprimary  alcohol,  is  capable  of 
similar  oxidation  to  tihe  primary  monadd  alcohols ;  only  this  can  be 
repeated  twice.  The  first  stage  of  oxidation  that  might  have  been 
expected  : 

OHj.OH  OH,.OH 

+  O  =  HjO  +     I 
JH2.OH  0H:0 

has  not  yet  been  realised,  the  oxidation  always  proceeding  beyond  this 
point.  If  two  oxygen  atoms  act  on  a  molecule  of  glycol,  glyeoUic 
add  is  formed : 

OH2.OH  CHj.OH 

I  +20  =  HjO+    I  (glyooUic  add) 

0Hj.OH  CO.OH 

which  is  related  to  glycol  as  acetic  acid  is  to  ethyl  alcohol. 

By  the  same  proportion  of  the  ingredients  the  double  aldehyde 
glyoasal  is  also  reaidily  formed : 

OHa.OH       O       HjO       CH:0 
I  +      =  +1  (glyoxal) 

CHj.OH       O       HjO       CH:0 

Both  oxidation  products  are  converted  by  further  oxidation  into  an 
aldehydic  add,  glyoxylic  add  : 

CH,.OH       O  CHO 

+      =  HjO  +  I  (glyoxylic  add) 

>.0H  CO.OH 

OHO  CHO 

+      =1 
)H0        0      CO.OH 


A> 


00. 


ii 
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which  finally  yields  the  dibasic  oxalic  acid : 

CHO  O         CO.OH 

I  +       =     I 

CO.OH  CO.OH 

Both  the  primary  alcohol  groups  CH2.OH,  united  in  glycol,  there- 
fore suffer  the  same  changes  as  in  the  primary  monacid  alcohols 
(§  384). 

By  heating    with  potassic  hydrate,  ethylene  alcohol  yields  an 
oxalate,  hydrogen  heing  evolved  : 

CH2.OH  CO.OK 


+  2H0K  =1  +  4Ha 

OH2.OH  CO.OK 

Zindc  chloride,  on  gentle  heating,  converts  it,  with  elimination  of 
water,  into  acetic  aldehyde : 

CH2.OH  CH, 

T         =  H2O  +  1 

CH2.OH  CHO 

Tricarbon  Glycols,  C8H6(OH)2. 
488.  The  two  possible  isomeric  tricarbon  glycols : 
CH3  .        CHjOH 

CH.OH    (boiling  at  188*»)  and  CH,    (boiling  at  212**) 


CH2.OH  CHjOH 

Propylene  glycol,  Trimethene  glycol, 

a-oxypropylic  idcohol.  /3-oxypropylic  luoohol. 

are  known. 

1.  Propylene  glycol,  or  a-oxypropylic  alcohol,  is  prepared  from,  pro- 
pylene dibromide.  By  decomposition  with  argentic  acetate  the  di- 
acetate,  boiling  at  186^,  is  first  obtained,  and  from  this,  on  saponifi- 
cation, the  alcohol.  This  latter  is  colourless,  syrupy,  and  of  sweet 
taste ;  its  sp.  gr.  at  0^  is  1*051,  its  boiling  point  188°,  and  the  vapour 
density  2-596. 

By  oxidation  of  propylene  glycol  diluted  with  water,  by  means  of 
platinum  black  and  oxygen,  it  behaves  as  though  only  a  monhydric 
primary  alcohol  yielding  an  acid  of  like  carbon  contents — ethylidene 
lactic  acid,  which  is  at  the  same  time  a  secondary  alcohol : 

CH3  CH3 

CH.OH  CH.OH  (ethylidene  lactic  acid) 

CHj.OH  +  20  =  H2O  +  CO.OH 

By   heating  with  hydriodic  acid   to    100°  isopropylic  alcohol  and 
isopropylic  iodide  are  formed  : 

CH3  CH3 

CH.OH  CH.( 


CH2.OH  +  2HI  =  CH3       +  H2O  +  I2, 


OH 
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2.  Trimethene  glycol,  a  doable  primary  alcohol,  is  obtained  in  the 
manner  already  described,  first  as  diacetate  (boiling  point  203**-205°), 
and  further,  on  saponification  of  this,  as  a  syrupy,  sweet-tastinir  liquid 
boiling  at  21 2^ 

Tetraearbon  Glycols,  C4Hg(OH)2. 

489.  Of  the  six  possible  isomers  of  this  formula : 

1.  2.  8.  4. 

OH,  OH,  CHj.OH  OH, 


OHj  CH.OH  CHj  CH.OH 

CH.OH  CHj  CHa  C 

OH2.OH  OHa.OH  CHa.OH 


H.OH 

I 

CH, 
P  y     ^      PBeado-babrleDe 


Ozylmtylic  alooholB. 

OH,  OH,  OH,  OH,.OH 

OOH  OH 


glyooL 


OH2. 


H 
OH         /3  OHj.OH 


OxyiBobntylie  alcoholB,  or  isobutene  glyoolB. . 

only  three  have  yet  been  obtained.     They  are 

1.  a-Butene  glycol,  0H,.CH2.0H(0H).0Hje.0H,  is  obtained  from 
the  dibromide.  of  normal  butylene.  It  is  a  syrupy  liquid  boiling  at 
192^,  of  sp.  gr.  1*0189,  and  on  oxidation  yields  glyooUic  and  gly- 
oxylic  acids. 

2.  fi-BtUene  glycol,  or  P-oxyhtUyUc  alcohol : 

0H,.0H(OH).0H2.0Hj.OH. 

This  compound  is  obtained,  together  with  ethylic  alcohol,  by  the  action 
of  sodium  amalgam  upon  acetic  aldehyde.  The  aldehyde  for  this 
purpose  is  distilled  with  three  to  six  times  its  volume  of  water,  and 
one  per  cent,  sodium  amalgam  slowly  added,  the  liquid  being  kept 
nearly  acid  by  addition  of  hydrochloric  add  in  small  quantities.  The 
liquid  at  the  close  of  the  reaction  is  poured  off  from  the  mercury, 
neutralised  with  sodic  hydrate,  and  everything  volatile  below  100° 
distilled  off,  the  residue  shaken  with  ether  to  remove  other  products, 
and  the  aqueous  layer  evaporated  as  far  as  possible  on  the  water  bath. 
Strong  alcohol  is  then  added  to  precipitate  sodic  chloride,  and  the 
filtered  liquid  submitted  to  distillation.  /3-Butene  glycol  passes  over 
at  203'5°-204°.  It  is  a  colourless,  sweet-tasting,  viscid  liquid,  which 
mixes  with  water  and  alcohol,  but  is  not  perceptibly  soluble  in  ether. 
Nitric  acid  and  chromic  acid  oxidise  it  to  acetic  acid,  oxalic  acid, 
carbonic  anhydride,  crotonic  aldehyde,  with  some  acetic  aldehyde : 

0H,.0H(OH).0H2.CHj.OH  +  60  =  CH3.CO.OH 

Acetic  acid. 

+  HO.OO.OO.OH  +  2H,0. 
Oxalic  acid. 
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CH,.0H(OH).0Hj.CH,.OH  +  60  =  CHg.OHO  +  200,  +  SHjO. 
0H8.CH(0H).CHa.CHj.0H  +  O  =  CH8.CH:CH.CH0  +  2HjO. 

In  the  formation  of  /3-batene  glycol  two  aldehyde  molecules  coalesce 
under  the  action  of  nascent  hydrogen  : 

CH,  OH, 

0H.0  OH.OH 

OH,  ""  OH, 

0H:0  +  2H  CHa.OH 

3.  a-IsdnUene  glycol,  termed  isobtUylene  glyoolf  is  usually  pre- 
pared from  isobutylene  dibromide.  It  resembles  the  preceding,  boils 
between  183''  and  184'',  and  has  at  0''  the  sp.  gr.  1*048.  It  is  con- 
verted into  a-oi^isobutyric  acid  by  dilute  nitric  add  : 

OH,  OH,  OH,  OH, 

OOH      +20=H,0+      OOH 

CHj.OH  CO.OH 

480.  Only  three  of  the  numerous  possible  isomeric  pentene  glycols 
are  known,  namely : 

a-Paeudo-^jtmylem  glycol,  OH,.OHj.OH(OH).OH(OH).OH„  pre- 
pared from  the  dibromide  of  ethyl-methyl  methene,  boils  at  188''  and 
has  sp.  gr.  '9945. 

a-Iioamylene  glycol,  (CH3)aCH.0H(0H).0H,0H,  obtained  from 
the  dibromide  of  the  isoamylene  (§  467,  4),  is  a  thick  liquid,  boiling  at 
206"  and  of  sp.  gr.  -9987. 

fi-Isoamylene  glycol,  (CH3)2:0(OH)OH(OH).OH3,  obtained  from 
isoamylene  dibromide  in  the  way  already  frequently  mentioned,  and 
also  by  the  direct  combination  of  isoamylene  with  hydric  peroxide  : 

OH,  OH,  OH,  OH, 

0  OOH 


OH      0— H     ""         CH.OH 
OH,     0— H  OH, 


It  is  a  bitter-tasting,  syrupy  liquid,  which  boils  at  177''  and  has  at  O** 
the  sp.  gr.  *987.  It  dissolves  in  water,  alcohol,  and  ether,  and  on 
oxidation  yields  oxyisobutyric  add,  (CH,)2.C(0H).00.0H. 

ff eocene  Glycols,  05Hi2*(0H)2. 

491.  1.  A  hexylene  glycol  is  obtained  frt)m  the  dibromide  of  the 
hexylene  mentioned  in  §  468  as  obtained  from  a-normal  secondary 
hexylic  iodide.  It  is  a  thick  liquid,  misdble  with  water,  of  *967 
sp.  gr.  and  207"  boiling  point. 

2.  DiaUyl   dihydrcUe  is  probably  a  double   secondary  normal 

X 


306     DERIVATIVES  OE  THE  DIAD  ALCOHOL  RADICALS,  CnHj,. 

heocene  glycol  of  the  formula  CH3.CH(OH).CH2.CH2.CH(OH).CH8. 
To  prepare  it  diallyl  is  heated  for  several  hours  with  concentrated 
hjdriodic  acid,  whereby  it  unites  with  two  molecules  of  HI,  and  is 
converted  into  diaUyl  dihydroiodide,  GoHiJi^  : 

CHj:CH.CHj.OH2.CH:CH,+2HI  =  CH3.CHI.CH2.CH2.CHI.CH,. 

This  reacts  vnth  argentic  acetate  even  in  the  cold,  forming  the  corre- 
sponding diacetate,  which  boils  at  225°-230^,  and  on  saponification  with 
alkali  yields  dialh/l  dihydrate  as  a  colourless  thick  syrup,  which  has 
at  0**  sp.  gr.  -9638,  boils  between  212**  and  215°,  and  mixes  with 
water,  alcohol,  and  ether.  By  heating  with  concentrated  hydi^ochloric 
add  it  yields  its  dichloride,  the  so-called  diallyl  dihydrochloride  : 

CH,.CHCLOH2.CHj.CHCl.CH3, 

which  is  also  obtained  by  the  direct  union  of  diallyl  with  hydrochloric 
add  as  an  oil  boiling  between  170°  and  180°. 

On  oxidation  diaJlyl  dihydrate  yields  only  acetic  and  carbonic  acids. 

3.  Fi/nacone,  (CH8)2 :  C(OH).C(OH) :  (CHg),,  is  the  double  tertiary 
alcohol  of  the  formula  O^H  12(011)2.  It  is  obtained,  together  with  iso- 
propylic  alcohol,  by  the  action  of  nascent  hydrogen  upon  acetone,  and 
is  formed  espedally  when  the  acetone  is  employed  in  considerable 
excess : 

OH3  CH3  OM3  CM3 

fc=0  O— OH 

+  2H=       I 
0=0  O— OH 

OH,  CH3  c!H3  CH3 

To  prepare  this  body  acetone  is  poured  upon  a  large  quantity  of  a 
half  saturated  solution  of  potassic  carbonate,  and  sodium  added  in 
pieces  about  the  size  of  a  pea.  These  sink  through  the  layer  of  ace- 
tone, and  on  reaching  the  aqueous  solution  evolve  hydrogen,  which  is 
completely  fixed  by  the  acetone.  One  part  of  sodium  is  employed  to 
about  three  parts  of  acetone.  When  the  reaction  is  completed  the 
upper  layer  is  submitted  to  distillation,  and  about  one  and  a  half  per 
cent,  of  crude  isopropylic  alcohol  is  obtained  below  100°.  At  higher 
temperatures  pinacoue  passes  over,  and  is  obtained  on  cooling  as  a 
crystalline  mass.  To  purify  it,  it  is  dissolved  in  water  and  evaporated, 
when  it  separates  in  large  quadratic  tables,  C6H,2(OH)2,6H20,  melt- 
ing at  42°,  and  which  lose  their  water  of  crystallisation  slowly  in 
dry  air.  On  distillation  water  first  passes  over,  and  later,  at  about 
170°,  anhydrous  pinacone.  This  latter  is  a  colourless  crystalline  mass, 
which  melts  at  38°  and  boils  between  171°  and  172°.  By  phosphoric 
oxychloride  pinacone  is  converted  into  the  corresponding  dichloride, 
(0Ha)2:C— 01 


I         y  a  crystalline  mass  melting  at  160°. 
:s)2:C-Cl 


(QH, 

492.  Of  higher  molecular  glycols  only  octylene  glycol,  prepared  from 
the  dibromide  of  caprylene  (§  469),  is  suffidently  known  to  be  worth 
mention.  It  is  a  colourless  liquid  miscible  with  alcohol  and  ether, 
inaoluble  in  water,  of  *932  sp.  gr,,  and  boiling  at  235°-240°. 
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Haloid  Hydrates  of  the  Glycol  Radicals, 

493.  On  passing  hydrochloric  gas  into  an  olefine  glycol,  one  of 
the  hydrogen  groups  is  first  replaced  by  chlorine  : 

C„Ha„(0H)2  +  HCl  =  C„H2„  |  ^^  +  HjO. 

The  corresponding  replacement  of  t^e  second  hydrozyl  group  occurs 
with  far  greater  difficulty,  but,  as  previously  mentioned  {§  484),  can 
be  effected  by  phosphoric  chloride.  Hydriodic  acids  react  more 
vigorously,  forming  the  diiodide  from  the  glycol. 

Other  methods  of  preparing  the  hydrate  haloids  depend  on  the 
direct  union  of  the  halogen  hydro-acids  to  the  acids  of  the  glyool 
radicals,  and  on  the  power  of  the  olefines  of  uniting  directly  with 
hypochlorous  acid  : 

CnH^n  +  ClOH  =  CnHj„(OH)Cl. 

494.  By  action  of  alkaline  solutions  the  haloid  hydrates  are  not 
reconverted  into  glycols,  but  into  the  anhydrous  oxides  of  the  glyool 
radicals : 


C„H 


2n' 


^^  +  KOH  =  KCl  +  H,0  +  OnH»;0. 


These  anhydrous  oxides  unite  very  readily  with  halogen  hydro-addBy 
and  are  thereby  reconverted  into  haloid  hydrates : 

C„H^  :0  +  HBr  =  CnHjm  |  q^ 

To  obtain  the  glycols  from  these  latter,  they  must  first  be  con- 
verted into  hydrate  acetates  by  heating  with  potassic  acetate : 

OnHan  {  g^g  +  KO.CjHsO  =  KCl  +  CnH^  I  oh"^'^ 

and  afterwards  saponified. 

By  treatment   with    sodium  amalgam  and  water  the  hydrate 
haloids  yield  the  monovalent  alcohols : 

CnHanCLOH  +  Na^  +  UJd  =  NaCl  +  NaOH  +  CnHjn  +  i.OH. 

495.  The  ethylene  hydrate  haloids  are  the  best  known. 
1.  Ethylene  hydrate  chloride ,  or  glycol  chlorhydrin : 

CHj.Ol 
CaH4{0H)Cl  =  I 

CH2.OH 
is  formed  by  passing  hydrochloric  acid  gas  into  ethylene  glycol  and 
distillation  of  the  mixture  after  standing  some  days.     The  compound 
can  also  be  prepared  from  ethylene  and  an  aqueous  solution  of  hy- 
pochlorous add : 

II      +C10H=| 

OH2  CH2.OH 

In  employing  the  latter  method  chlorine  gas  is  passed  into  ice-cold 
water  in  wluch  yellow  mercuric  oxide  is  suspended,  and  the  solution 
of  hypochlorous  add  so  prepared  poured  into  a  balloon  filled  with 

x2 
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ethylene,  and  allowed  to  remain  for  some  dajB  in  the  dark.  The  acid 
liquid  is  then  neutraHsed  with  sodic  hydrate  and  submitted  to  dis- 
tillation, as  long  as  the  liquid  passing  over  still  tastes  sweet.  Ethylene 
chloro-hydrate  is  then  removed  from  the  distillate  by  shaking  with 
ether,  and  after  evaporation  of  the  ether  purified  by  fractional  dis- 
tillation. 

It  is  a  colourless  liquid  of  somewhat  sweet  taste,  boiling  at  128°, 
and  completely  miscible  with  water. 

2.  Ethylene  hydrate  bromide,  CHsBr.CH3.OH,  can  be  prepared 
from  ethylene  oxide  and  hydrobromic  add ;  it  boils  at  147°  : 

CHjv  CHaBr 

I        >0  +  HBr=l 
OH/  CHj.OH 

3.  Ethylene  hydrcnte  iodide  is  obtained  by  heating  the  chloride  with 
potassic  iodide : 

CHa.Cl  CHal 

-hKI  =  KCl+    I 
IH2.OH  OHj.OH 

as  a  heavy  liquid,  which  cannot  be  distilled  unchanged. 

By  action  of  sodium  amalgam  the  acidulated  aqueous  solutions  of 
all  three  hydrate  haloids  yield  ethylio  alcohol : 

0Ha.01  CH3 

-h  Na,  +  H,0  =  NaCl  +  NaOH  +  \ 
JHj.OH  CH2.OH 

496.  Propylene  glycol  can  yield  with  hydro-acids  two  isomeric 
hydrate  haloids : 

OHj  OH3 


i, 


A 


OHCl      and      CH.OH 

CHj.OH  OH2.CI 

but  only  compounds  of  the  latter  variety  are  known  with  certainty. 

Propylene  hydrate  chloride,  or  propylene  chlorhydrin,  obtained 
from  propylene  glycol  and  hydrochloric  add,  or  from  propylene  gas 
and  hypochlorous  acid,  is  a  colourless  liquid,  boiling  at  127°,  which  on 
careful  oxidation  yields  monochlor  acetone : 

OH,  OH, 

CH.OH  +  O  =  HjO  +  CO 

CHjCl  CHjCl 

Propylene  oxide  combines  with  hydrobromic  add,  forming  pro- 
pylene hydrate  bromide,  which  boils  between  145°  and  148°,  and  yields 
with  hydriodic  add  propylene  hydrate  iodide.  This  latter  compound 
is  decomposed  on  distillation  at  ordinary  atmospheric  pressure,  but 
distils  unaltered  at  a  pressure  of  60  mm.  at  105°. 

{01 
Q^,  can  be  obtained  from 
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isoamjlene  glycol  and  hydrochloric  add,  or  by  union  of  isoamylene 
and  hypochlorous  acid.  It  possesses  a  strong  odour,  recalling  that 
of  valeric  acid,  is  soluble  in  water,  and  boils  at  155^. 

{CI 
QTT,  obtained  from  caprylene 

and  hypochlorous  add,  is  a  yellowish  viscous  liquid  of  camphor-like 
odour,  decomposing  on  boiling.     It  has  sp.  gr.  1*003  at  0*'. 

Ethereal  Derivatives  of  the  Glycols, 

497.  In  addition  to  the  anhydrous  oxides  of  the  glycol  derivatives 
and  their  polymers,  the  so-called  poly-ethylenic  alcohols  and  the 
ethylene  ethyl  oxides  must  be  classified  amongst  the  ebhereal  glycol 
derivatives. 

Anhydrous  Oxides  of  the  Glycol  RadicaiU,  CnH2nO,  cmd  their 

Polymers, 

498.  The  anhydrous  oxides  of  the  olefines  are  formed,  as  already 
mentioned  (§  494),  by  the  decomposition  of  the  haloid  hydrates  by 
alkalies.  They  are  isomeric  with  the  aldehydes  and  ketones  of  like 
carbon  contents,  but  are  distinguished  from  both  groups  of  oompoundB 
by  the  oxygen  being  united  to  two  diS6rent--without  exception 
neighbouring — carbon  atoms  of  the  chain : 

CH3  OH3  CH, 

OH2  (boils  at  49-5°)  CO    (boils  at  58^)    CH  v^(boilfl  at  36*») 
CHO  CHs  OHa^ 

Propylic  aldehyde.  Acetone. 

So  far  as  known,  these  bodies  possess  much  lower  boiling  points  than 
the  isomeric  members  of  the  other  two  groups. 

499.  That  these  bodies  unite  with  the  halogen  hydro-adds  to  form 
hydrate  haloids  has  been  already  mentioned.  In  a  similar  way  they 
unite  with  the  oxyadds  to  form  basic  salts : 

OHjv  CH2.0.02H,0 

I       >0  +  HO.C2H3O  =   I 
OH2/  CHa.OH 

With  add  anhydrides  they  yield  neutral  salts : 

CH3  CH, 

CH  V       +  0(C2H30)2  =  CH.O.C2H3O 

1      /^  I 

CHj/  CH2.0.0aH,0 

Acetic  anhydride. 

and  with  the  add  chlorides  they  give  oompoimds  analogous  to  the 
hydrate  chlorides  : 

CHav  CHa.Cl 

I        >0  +  CI.CO.CH3  =   I 

OH/  OHJ.O.O2H3O 

Acetic  chloride. 
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They  also  unite  wiih  water,  especially  on  heating,  and  are  thereby 
oonyerted  directly  into  glycols : 

OH^  CHa.OH 


I       >0  +  HOH  = 
OH,/  CHa.OH 

By  nascent  hydrogen  the  olefine  oxides  are  oonyerted  into  the  mon- 
hydric  alcohols : 

I       >0  +  2H=   I 
OH,/  OH,.OH 

600.  Ethylene  oxidey  OJBLfi  ss   I       yo,  isomeric  with  acetic  al- 

dehyde,  is  obtained  by  mixing  ethylene  hydrate  chloride  with  potassic 
hydrate,  and  condensing  the  vapours,  previously  dried  by  quick-lime, 
in  strongly  cooled  receivers. 

It  is  a  colourless,  mobile,  agreeably  smelling  liquid,  boiling  at  13*5°, 
of  .sp.  gr.  '898  at  0°,  and  having  a  vapour  density  of  1  '432.  It  mixes 
in  every  proportion  with  water,  and  unites  slowly  with  it,  forming 
ethylene  glycoL  It  is  converted  into  ethylic  alcohol  by  action  of 
nascent  hydrogen. 

Ethylene  oxide  not  only  unites  with  free  adds,  but  also  decom- 
poses the  salts  of  weak  basic  metals  with  strong  acids.  It  precipitates, 
for  instance,  the  hydrates  of  magnesium,  aluminium,  and  iron  £rom  the 
respective  salts : 

Mg  I  gg^2.0H  ^  0^^4:0  +  HaO  =  Mg(OH), 

+  O2H4  I Q2 

SOI.  On  slowly  mixing  well-cooled  ethylene  oxide  with  bromine, 
there  is  obtained  a  compound  forming  yellowish  red  crystals  of  the 
formula  (02H40)3Br2.  These  melt  at  65°,  boil  at  95°,  and  are  obtained 
again  unaltered  on  condensation  of  the  vapours.  Metallic  mercury 
withdraws  the  bromine,  and  gives  diethylene  dioxide : 

CHa 0 CHa  CHj— O— CHj 

I  I       +  2Hg  =   I  I        +  HgjBrj. 

CH2.0.Br  Br—OHa  CHa— O— CHa 

This  is,  in  the  cold,  a  white  crystalline  mass,  soluble  in  water,  alcohol, 
and  ether ;  it  melts  at  9°,  and  at  0°  has  ^.  gr.  1  '048.  The  boiling  point 
is  102°,  the  vapour  density  3*1. 

Isomeric  with  diethylene  dioxide,  and  corresponding  to  acetal 
(§  402),  is  ethylene  ethyUdene  oxide,  which  is  obtained,  by  heating  ethy- 
lene oxide  with  acetic  aldehyde  in  sealed  glass  tubes,  as  a  colourless 
liquid,  boiling  at  82*5°  : 

CHav  CHa.Ov 

I       >0  +  0CH.CH8=   I  >CH.CH8. 

gr/  CHa.O/ 

It  has  at  0°  sp.gr.  1,  dissolves  in  one  and  a  half  times  its  weight  of 
water,  but  is  again  separated  on  adding  potassic  hydrate. 
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602.  Propylene  oxide  boils  at  35°,  mixes  with  water,  and  is  con- 
yerted  into  isopropylic  alcohol  by  action  of  nascent  hydrogen  : 

CM.9  C/xx]i 

OH  V       +  2H  =  C"^  ^^ 


It  has  sp.  gr.  -859  at  0^ 

(CH3)2:C 


I  No. 


603.  Isoamylene  oxide,  \       yo,  prepared  from  isoamylene 

CH3.CH  / 

hydrate  chloride,  is  a  liquid  insoluble  in  water,  of  sp.  gr.  '824  at  0^ 
and  boiling  at  95°. 

604.  Two  oxides  are  known  corresponding  to  two  of  the  hexene 
glycols  (§  491). 

1.  ffexylene  oxide,  CgHisO,  is  obtained  from  hexylene  glycol  by 
saturating  with  hydrochloric  acid  and  decomposing  the  product  with 
potassic  hydrate. 

2.  DiaUyl  hydrate  is  formed  amongst  other  products  by  the  action 
of  argentic  oxide  on  djallyl  dihydro-iodide : 

CHa.CH.0H8 


I  +  AgjO  =  2AgI  + 


.2.OSX.OI13 


A 


(') 


It  is  a  colourless  liquid  of  penetrant  aromatic  odour,  which  boils 
between  93°  and  95°,  has  sp.  gr.  '8367  at  0°  and  vapour  density  3*6. 
It  is  reconverted  into  diallylic  dihydro-iodide  by  action  of  hydriodic 
acid. 

606.  Odylene  oxide,  CgHi^O,  is  an  oil  boiling  at  145^. 

Poly-ethylenic  Alcohols* 

606.  In  similar  manner  to  its  reaction  with  water  ethylene  oxide 
unites  with  ethylene  glycol,  especially  when  heated  in  sealed  tubes  at 
100°,  and  thereby  yields  the  poly-ethyhnic  glycols,  in  which  several 
ethylene  groups  are  united  together  by  oxygen,  and  two  of  them  also 
united  to  hydroxyl.  From  the  mixed  product  of  the  reaction  there 
can  be  isolated  on  fractional  distillation 

Diethylene  alcohol,  or  diethylene  oxy-dihydrcUe,  O^X^-g-^'Q-n-,  as  a 

thick  liquid  boiling  at  250°.    It  is  formed  acoordutg  to  the  equation : 

OHa.OH 


CH,.OH     CH 


OH2 


OH2.OH     CH/ 


N)   =    i 


OH, 
OH0.OH 
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Triethylene  (deoM,  or  triethylene  dioxy-dihydraUf  is  fonned  from 
two  moleculeB  of  ethylene  oxide  and  one  moleciJe  of  glycol : 

0,H4(0H),  +  2C,H,0  =  c,H,<g;g«||;g| 

and  boils  at  285*^-289^ 

Tetreihyhne  alcohol^  or  tetrethylene  trioxy-dihydrate : 

^\0,H4.0.C2H4.0H 
Ixnis  above  300^ 

By  distillation  under  reduced  pressure  (35  mm.)  a  hexethylene 
ahohol,  (CsH4)e05(OH)),  can  be  separated  from  the  less  volatile  por- 
tion. Qn  heating  these  poly-ethylenic  alcohols  with  acetic  acid,  both 
hydroxylic  hydrogens  are  replaced  by  the  add  radical,  with  formation 
of  diacetates. 

Ethylene  Ethyl  Ethers, 

fSfft.  If  the  sodium  derivativee  of  ethylene  glycol  (§  486)  be 
treated  with  alkyl  iodides,  fche  alkyl  derivatives  of  ethylene  glycol 
are  formed  in  addition  to  sodic  iodide : 

CHj.ONa  CH  j.0.C„H2n + 1 

I  +IOnH»+i=  I  +NaI, 

CHj.OH  CHj.OH 
and 

CHa-ONa  CHa.O.CnHjn + 1 

+  2ICnH2n^.i  :=     | 

.ONa  CH2.0.CnHin+i 

The  ethylene  ethyl  ethers  are  obtained  in  this  way. 

CI13.O.C21I5 
Monethyl  glycol  ether,  or  ethylene  hydrate  ethylcUe,    \  , 

CHj-OH 

is  an  agreeable-smelling  liquid,  boiling  at  127°.     It  is  also  formed  by 
the  diiect  combination  of  ethylene  oxide  and  ethylic  alcohol : 

CHjv  CHa.OH 

I       >0  +  HO.C,H,  =    I 
on/  CHJ.O.C2H5 

Potassium  dissolves  therein  with  evolution  of  hydrogen  : 

CIX3.O.O2XX5  CM2.O.O2M5 

2  1  +  K2  =  H2  +  2  I 

CH2.OH  CH2.O.K 

The  resulting  solid  mass  yields,  by  heating  with  ethylic  iodide, 

CH2.O.C2H5 
Diethyl  glycoUic  ether,  or  ethylene  diethylate,  \  ,  a  mobile 

CH2.O.C2H5 

liquid  boiling  at  123*5°,  isomeric  with  acetal  or  ethylidene   diethy- 

late  (boiling  at  105°,  §  405). 

GlycoUio  Sake. 

508.  Besides  the  basic  and  normal  acetates  but  few  acid  deriva- 
tives of  the  glycols  have  been  prepared,  and  these  in  general  only  of 
ethylene  glycol. 
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CHa.O.NOj 

Ethylene  dinitrcUe,    .  ,  is  easily  obtained  by   pouring 

CH2.O.NO2 
one  part  of  ethylene  glycol  into  an  ice-oold  mixture  of  two  and  a  half 
parts  of  concentrated  nitric  acid  and  five  parts  of  sulphuric  acid. 
Addition  of  water  precipitates  the  nitrate  as  a  heavy  oil  of  unpleasant 
sweet  taste ;  this  is  then  washed  with  sodic  hydrate  and  dried  by 
calcic  chloride.  On  heating  it  bums  with  strong  detonation  and 
luminous  flame.  Potassic  hydrate  readily  saponifles  it,  yielding 
glycol  and  potassic  nitrate. 

Ethylene  hydrate  etdphate,  HO.CHj.CHj.O.SOj.OH,  is  formed, 
similarly  to  the  monalkyl  sulphates,  on  gentle  heating  of  ethylene 
glycol  and  concentrated  sulphuric  acid.  The  product  is  diluted  with 
water,  saturated  with  baric  carbonate,  and  the  filtered  solution 
evaporated  to  crystallisation.  The  salt,  (HO.CHa.CH2.0.S02.0)aBa, 
so  obtained  gives,  on  boiling  with  baric  hydrate,  a  precipitate  of 
baric  sulphate,  ethylene  glycol  remaining  in  solution. 

Svlphv/r  Compounds  of  Ethylene. 

609.  Mercaptans. — As  a  diad  radical  ethylene  can  unite  with 
two  or  also  with  only  one  SH  group,  though  self-evidently  in  the 
last  case  saturation  must  be  completed  by  other  elements. 

These  bodies  can  be  prepared,  similarly  to  the  mercaptans  of  the 
alkyls  (§  237),  by  heating  the  respective  haloids  with  potassic  sulph- 
hydrate.  The  hydrogen  atom  in  union  with  sulphur  is  readily  re- 
placed by  heavy  metals.  Oxidising  agents  convert  them  into  ethy- 
lene sulphonic  acids,  the  group  SH  being  oxidised  to  SOj.OH. 

Ethylene  dietUphhydratef  ethylene  dimercaptcmy  ethylene  thuhglycol, 
C2H4(SH)2,  prepared  from  ethylene  dibromide  and  potassic  sulph- 
hydrate  : 

OH2.Br  CHa.SH 

I  +  2KSH  =  2KBr  +    | 

CHa.Br  •  CH2.SH 

is  a  colourless,  strongly  refractive  oil,  of  penetrating  mercapten-like 
odour,  which  boils  at  146°.  It  gives  precipitates  with  alcoholic 
solutions  of  silver,  copper,  lead,  and  mercury,  <fec.,  salts;  plumbic 
acetate,  for  instance,  precipitating  yellow  plumbic  ethylene  mer- 
oaptate: 


CH2.Sv 

>Pb. 
Ho.S/ 


I 


Ethylene  hydrate  sulphJiydrate,  ethylene  monothio-glycol : 

C2H4(OH)(SH), 

is  obtained  £rom  ethylene  chloro-hydrate : 

CH2.CI  CH2.SH 

I  -h  KSH  =  KCl  -h     I 

CH2.OH  CH2.OH 

It  is  a  colourless,  heavy  liquid,  insoluble  in  water,  only  one  hydrogen 
atom  of  which  is  readily  replaced  by  metak. 
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610.  Ethylene  StUphide. — Ethylene  sulphide  has  as  yet  only  been 
obtained  in  ^e  double  molecule  corresponding  to  diethylene  dioxide 
as  diethylene  distUphid^,  best  by  mixing  alcoholic  solutions  of  ethylene 
dihaloids  with  potaasic  sulphide : 

CH,Br        KSK  CHa.S.OHa 

2  1  +  =  4rKBr  +     I  I 

CHaBr        KSK  OHa.S.CHa 

It  IB  also  obtained  by  decomposing  mercuric  ethylene  mercaptate  by 
ethylene  dibromide : 

CH2.Br  /S.CH2  CH2.S.0Ha 

T  +  Hg/    T       =  HgBr,  +  I  I 

OHj.Br  ^aOHa  CH2.S.CH2 

It  is  a  white,  crystalline  mass,  insoluble  in  water,  but  soluble  in 
alcohol  and  ether,  which  melts  at  111°  and  boils  at  200°.  The  vapour 
density  is  found  to  be  4*28,  corresponding  to  the  formula  (03114)282. 
It  unites  directly  with  bromine  to  yellow  crystals  of  diethylene  disuU 

Bra 

CH,.8.0H, 
phide  tetrahromide^     I  I         (comp.  §  241),  which  on  treatment 

OHa.S.CHa 

jBrs 
with  water  and  argentic  oxide  is  converted  into  diethylene  ditkionyl, 
O 

A  I       .     This  body  is  also  obtained  on  boiling  the  sulphide 

H2.S.0Ha 

n 

with  nitric  add.  It  forms  colourless  crystals,  readily  soluble  in  water, 
little  in  alcohol,  and  insoluble  in  ether. 

By  heating  the  sulphide  to  150°  with  nitric  add  diethylene  atd- 
phone  is  formed  (comp.  §  255) : 

O      0 

V 

UH2.S.OH. 

A. 

in  the  form  of  colourless  ciystals. 

If  ethylene  sas  be  conducted  into  liquid  sulphur  dichloride,  they 
both  unite  to  a  Uquid  of  mustard-like  odour  of  the  formula  C2H4SCI2, 

probably  C2H4^aQ^.    This  is  not  volatile  unaltered,  blisters  the  «kin, 

dissolves  in  fifty  volumes  of  ether,  very  little  in  alcohol,  and  is  in- 
soluble in  water.    Isoamylene  also  gives  a  similar  compound. 
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Ethylene  persnlphides  are  obtained  as  white  amorphous  bodies  by 
the  action  of  ethylene  dibromide  upon  the  persnlphides  of  potassium. 
They  are  insoluble  in  water  and  alcohol,  but  dissolve  in  carbonic 
disulphide. 

611.  Thio-ethers  of  Ethylene. — The  thio-ethers  of  ethylene  axe 
obtained  by  action  of  ethylene  dibromide  on  sodic  thio-alkylates  as 
unpleasant-smelling  oils : 

CH2-Br  CH2.S.C||Il2n-}-i 

I  +  2NaS.CoH2n+i  =  2NaBr  +    | 

CIxQ.Sr  CM2*S.C/||M2n4. 1 

Ethylene  dithio-methyl  ether y  €2114(8.0113)2,  boils  at  183®. 

Ethylene  dithio-ethyl  ether,  03114(8.02115)2,  boils  at  210^-213**. 

Ethylene  dUhio-isoamyl  ether,  02H4(8.C5H,i)2,  boils  between 
245°  and  255°. 

The  methyl  compound,  when  heated  with  nitric  acid,  yields 

Ethylene  dimethyl  dithionyl,  02H4[(80)OH3]2,  crystallising  in 
brilliant  plates,  which  melt  at  about  170°. 

612.  Of  the  thio-salU  of  ethylene  the  following  may  be  men- 
tioned : — 

Ethylene  diatdpho-cycmate,  02H4^S.ON^2)  readily  formed  by  boil- 
ing ethylene  dihaloids  with  alcoholic  solution  of  potassic  sulpho- 
cyanate.  It  crystallises  in  colourless,  brilliant,  rhombic  tables, 
melting  at  90°.  It  is  decomposed  on  strong  heating,  and  is  but  little 
soluble  in  cold  water. 

OHj— Sv 

Ethylene  svlpho-carhoncUe,  I  /08,  is  formed  by  doable  de- 


CHo— s/ 


composition  of  ethylene  dibromide  and  sodic  sulpho-carbonate  in 
alcoholic  solution.  It  separates  at  first  as  a  yellow  oil,  difficultly 
soluble  in  alcohol,  but  after  solution  in  ether  alcohol  and  evaporation 
crystallises  in  golden  yellow  prisms  of  onion-like  odour.  It  melts  at 
36*5°,  and  yields  with  ammonia,  glycol-mercaptan  and  ammonic 
sulpho-cyanate. 

Ethylene  StUphonic  Acids. 

613.  Ethylene  gas  and  sulphuiic  anhydride  unite  directly  to  form 
ethionic  anhydride : 

OH2  OH2.O.SO2 

II         +  28O3  =    I  \ 

OH2  OH2.SO2.O 

a  colourless  crystalline  body,  which  unites  the  properties  of  a  salt  and 
of  a  sulphonic  sulphuric  anhydride.  It  is  also  obtained,  together  with 
diethylic  sulphate  and  ethionic  acid,  by  the  action  of  ethylic  alcohol 
vapour  on  sulphuric  anhydride. 

It  absorbs  water  from  moist  air,   and  deliquescee  to  ethionio 
add : 

CH2.O— SO2  OH2.O.SO2.OH 

I  I      +  HOH  =    I 

0Ha.S02.0  OH2.SO2.OH 

This  latter,  which  is  at  once  ethylenic  hydric  sulphate  and  ethylene 


A, 
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Bulphonic  acid,  is  obtained  in  larger  quantity  by  saturating  absolute 
alcohol  or  ethylic  ether  with  sulphuric  anhydride  : 

CH3  CHj.SO2.OH 

T  +  2SO3  =  I 

CH2.OH  CHa.0.S02.0H 

The  product  is  diluted  with  water,  and  the  solution  neutralised  with 
baiio  carbonate  to    remove  sulphuric    add    and  ethylic  sulphate. 

0H2.0.S0a.0v 
Barie  ethioncUe,    I  /Ba,  remains  dissolved,  and  on  addi- 

OH2 .  SO, .  0/ 
tion  of  alcohol  is  precipitated  as  a  white  powder.     By  addition  of  the 
requisite  quantity  of  sulphuric  acid  to  the  aqueous  solution  a  solution 
of  ethianio  add  ia  obtained,  which,  on  evaporation,  decomposes  into 
uMionic  add  and  sulphuric  add  : 

CH2.0.S0a.0H  CH2.OH 

+  H2O  =  I  +  S02(OH)2 

JH,.S02.0H  CHa.SOa.OH 

Potcutaic  ethianate,  KO.SOa.O.CHa.CHs.SOa.OK,  obtained  by  ad- 
dition of  potassic  sulphate  to  the  baric  salt,  crystallises  readily.  All 
the  salts  decompose  on  boiling  with  water  into  hydric  sulphates  and 
isethionates. 

614.  laethianie  add,  ethylene  hydrate  8tUphonie  add : 

HO.CH2.CHj.SO2.OH, 

is  obtained  in  addition  to  the  above-mentioned  methods  by  oxidation 
of  ethylene  monothio-glycol  (§  609)  with  nitric  add  : 

CH2.OH  CH2.OH 

I  +03=    I 

CH2.SH  CH2.SO2.OH 

and  further  by  heating  ethylene  hydrate  chloride  with  normal  potassic 

sulphite : 

CH2.OH  CH3.OH 

I  +  K.SO2.OK  =  KCl  -h    I 

OH2.CI  CH2.SO2.OK 

It  is  obtained  most  readily  by  addition  of  sulphuric  anhydride  to 
well-cooled  anhydrous  ether.  After  saturation  the  thick  liquid  is 
diluted  with  water,  and  boiled  for  several  hours,  in  order  to  decom- 
pose  the  ethionic  add.  The  solution  contains,  together  with  some 
methionio  add  ^§  419),  isethionic  add  and  sulphuric  add.  The 
latter  ia  removea  on  saturating  with  baric  carbonate.  The  liquid 
filtered  at  the  boiling  point  first  yidds,  on  cooling,  crystals 
of  baric  methionate,  and  later,  on  evaporation,  baric  isethionate, 
(HO.OH2.CH2.S02.0)2Ba.  J£  the  solution  of  the  latter  be  precipi 
tated  by  sufficient  sulphuric  acid,  and  the  filtrate  evaporated,  iaethio- 
nio  add  is  obtained  in  strongly  acid  deliquescent  needles. 

The  isethionates,  which  can  be  prepared  from  the  boric  salt  by 
addition  of  the  respective  metallic  sulphates,  are  readily  soluble  in 
water,  less  in  alcohol,  crystallise  well,  and  in  most  cases  can  be 
heated  to  360^  without  deoompodtion. 
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hethionie  acid  as  a  sulphonic  add  is  disiingaished  from  the  iso- 
meric monethjlic  sulphate : 

02HeS04  =  C2Hft.0.S0a.0H  and  HO.O2H4.SOa.OH. 

Monethylic  sulphate.  laethionio  acid. 

by  its  greater  stability. 

616.  Dry  potassic  isethionate  readily  reacts  with  phosphorio 
chloride,  forming  hydrochloric  acid,  phosphoric  oxychloride,  and 
iaethionie  chloride  or  ethylene  stUphon  clUaride  : 

CHa.OH  0H,.01 

OHj  +  2POI5  =  2P0018  +  2H01  +  OH2 

SO2.OH  SO2.OI 

The  latter  boils  at  200^,  and  combines  the .  properties  of  an  alcohol 
radical  chloride  with  those  of  an  acid  radical  chloride,  only  the  latter 
being  attacked  on  boiling  with  water  and  formation  of  ethylene 
chlaro-^tdphonie  acid : 

CH2.OI  0Hj.01 


A.  ' 


IH2      +  HP  +  xHfi  =  HOI  +  OH,       +  xKfi 

SO2.CI  SO2.OH 

616.  Ethylene  dietUphonic  acid,  or  dtetUphethioUc  acid,  is  formed 
by  the  oxidation  of  ethylene  dithio-glyool,  ediylene  snlpho-carbonate, 
and  of  ethylene  dithio-cyanate  with  concentrated  nitric  add  : 

OH2.SH  CH2.SO2.OH 

CH2.SH  CH2.SO2.OH 

further  by  decomposition  of  propionitril  by  concentrated  sulphuric 
add,  and  by  boiling  ethylene  dibromide  with  normal  potassic 
sulphite : 

OaH4Br2  +  2K.SO2.OK  =  2KBr  +  CaH4(SOa.OK)2. 

Separated  from  its  lead  salt  by  hydric  sulphide,  or  from  its  baric  salt 
by  sulphuric  acid,  it  is  obtained  on  evaporation  of  the  solution  in 
form  of  colourless  crysteJs,  melting  at  94^  and  readily  soluble  in 
water. 

OH2.SO2.Ov 
The  baric  salt,    |  /Ba,  crystallises  in  hexagonal  tables, 

CH2.SO2.O/ 
insoluble  in  concentrated  nitric  add,  but  can  be  recrystallised  from 
boiling  dilute  nitric  acid  and  is  also  soluble  in  water. 

Nitrogen  Oompounds  of  Ethylene. 

Amine  Basee  of  Ethylene, 

617.  In  the  action  of  ethylene  haloids  upon  ammonia,  or  the 
alkylamine  bases,  similar  reactions  occur  to  those  in  the  formation  of 
the  alkylamines,  but — in  consequence  of  the  divalency  of  ethylene 
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an* 


— with  far  greater  oompUcationB  of  the  products  aimultaneoasly 
formed.  Of  these  only  the  simpler  and  more  important  will  be 
mentioned. 

618.  On  heating  ethylene  dibromide  with  alcoholic  ammonia 
there  are  principally  formed,  in  consequence  of  the  union  of  ethylene 
with  the  nitrogen  of  two  ammonia  groups,  the  hydro-bromides  of  the 
ethylene  diamine  bases.  The  first  and  simplest  reaction  yields,  by 
direct  union  of  a  molecule  of  02H4Br2  with  two  molecules  NH3, 
ethylene  diammanic  dibromide  : 

yCH2.0H2v 

Bp.OH,.OHj.Br  +  2NH8  =    N=:H3      Hj^N 

^Br        Br'"'^ 

The  process,  however,  does  not  stop  at  this  stage,  but  proceeds 
further: 

l^Hj      H8=N  +  Br.0H,.CH2.Br  +  2NH8  =  2NH4Br 


3r       Br^ 


^C/H[2.CH.2v 


^Br       Br^ 


H 
^Br 
and 

yOH,.OH,w 

r  N 


jj^H,.0H2— j^  +  Br.OHj.CHj.Br  +  2NH3  =  2NH4Br 
^Br*       bJ^ 

y^OHj.CBLjvx 

+  N(f  oh,.ch,4n 

VMT  XT// 


\ 


H 
Br 

diethylene  diammanic  dibromide  and  triethylene  diamm^onic  dibromide 
being  simultaneously  formed. 

Ammonic  bromide  first  crystallises  out  of  the  solution,  then  ethy- 
lene diammonic  dibromide,  and  later  follow  the  other  salts. 

If  the  whole  mass  of  salts  obtained  by  evaporation  be  distilled 
with  solution  of  potassic  hydrate : 

C,H4(NH3Br)j  +  2K0H  =  2KBr  +  2H2O  +  C2H4(NHa)2,  &c., 

and  the  mixture  of  free  amine  bases  dried  by  means  of  solid  potassic 
hydrate,  the  single  compounds  can  be  separated  on  submitting  to 
fractional  distillation. 

619.  Ethylene  diamine,  CjH4(NH2)2,  is  a  colourless,  strongly 
alkaline  liquid  of  faint  ammoniacal  odour,  boiling  at  123°,  and  has  a 
vapour  density  of  2.  It  forms  salts  with  two  equivalents  of  acids. 
Ethylene  diammonio  dichloride,  C2H4(NH2)2Cl2,  crystallises  in 
beautiful  needles  of  silvery  lustre. 

Another  method  of  preparing  ethylene  diammonic  dichloride  con- 
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sists  in  conducting  cyanogen  gas  into  hydrochloric  add  in  which 
granulated  tin  is  dissolving  : 

CEN  CH2.NHj.HCl 

I  -f  4Sn  +  lOHCl  =  iSnCla  +  | 

C^N  CH2.NHj.HCl 

Nitrous  anhydride  converts  ethylene  diamine  into  ethylene  oxide, 
nitrogen  being  evolved  : 

CH2.NHJ  CHjv 

J  +  NjOa  =  2H2O  +  2N2  +    I       >0 

CH2.NH2  CHj/ 

By  heating  with  ethylic  iodide  and  decomposition  of  the  product 
with  potassic  hydrate,  ethyl  groups  can  be  introduced.  In  this  way 
there  have  been  prepared 

Diethyl  ethylene  diamine,  C2H4[N(C2H5)H]j 

and  tetrethyl  ethylene  diamine,  C2H4[N(C2H5)2]j. 

The  latter  unites  with  ethylic  iodide,  forming 

CH2.N(C2H5),I 
Hexethyl  ethylene  ammonic  iodide,  | 

CH2.N(C2H,)3l 

Ethylene  diamine,  diethyl  ethylene  diamine,  &c.,  combine  directly 
with  a  molecule  of  water  to  form  ammonic  oxides,  which  on  evaporisa- 
tion  decompose  into  their  constituents,  but  are  again  formed  on  con- 
densation. The  water  is  removed  on  distillation  over  fused  potassic 
hydrate: 

CH2*NH2  CH2.NH3V 

i+  HjO  =  I  ^O,  ethylene  diammonic  oxide : 

H2.NH2  CH2.NH3/ 

CH2.N(C2H5)H  ^^^^  CHa.N(C2H5)H2^   diethyl-ethylene 
CH2.N(C2H,)H  '         CH2.N(C2H5)H2/   '  diammonic  oxide. 

The  latter  solidifies  to  a  stearine-like,  brittle  mass. 

620.  Diethylene  diamine^  C4H10N2  or  NH<^*tt*^NH,  is  a  co- 
lourless, liquid  base,  boiling  at  170^  and  of  vapour  density  2*9. 

It  unites  directly  with  ethylic  iodide,  yielding  diethyl-ethylene 
diammonic  diiodide,  from  which  alkalies  separate 

Diethylrdiethylene  diamine,  C2H5.N<^*xj*^N.C2H5,  as  a  vola- 
tile amine  base ;  this  further  unites  with  two  molecules  of  ethylic 
iodide,  giving  tetrethyl  diethylene  diammonic  diiodide  : 

^2^6^  •CH2.CH2  Xj^H.^ 

1/      X)H,.CH/    \i 

vCH  CH 

621.  Triethylene  diamine,  C6HiaN2  =  N^Hj.CHa^N,  is  an 

^CHj.CHj'^ 
oil  boiling  at  210?. 
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622.  If  ethylamine  be  heated  with  ethylene  dibromide,  there  are 
formed,  in  addition  to  dietbyl-ethjlene  diammonic  dibromide  and 
diethyl-diethylene  diammonic  dibromide : 

2N(C.H.)H,  +  0,H,Br.  =  C.H,<ggg»j|;g 

also  bromidee  of  other  ammonium  bases,  containing  more  than  two 
nitrogen  atoms.  Decomposed  by  potassic  hydrate,  there  pass  oyer, 
above  200^,  strongly  caustic  thick-liquid  compounds  which  are  soluble 
in  water,  and  from  whose  mixture 

/N(C,H»)H 

tziethvl-diethTlene  triamine,  >N(O.Ht) 

(c,hX 

C2H5.N.(OjH4).N.C2H5 
and  triethyl-triethylene  tetramine,  (CaH4).N.(C2H4) 


C2H5 

can  be  isolated.  These  give  salts  with  two  or  three  equivalents  of 
acid. 

623.  By  the  action  of  trialkylamine  bases  upon  ethylene  dibromide, 
triallgrl-ethylene  bromide  ammonio  bromides  are  formed  : 

yCxi.2.0M.2.Br 

N(CnH2„+0»  +  Br.CH2.CH3.Br  =  N=(C„H2n+,)s 

^Br 

Triethylamine  and  ethylene  bromide,  e.g.,  give  triethyl-ethylene 
bromide  ammonic  bromide,  N(C2H5)3(C2H4Br)Br.  With  argentic 
nitrate  it  yields  triet^ylrethylena  bromide  ammonic  nitrate  : 

[N(C2H5)s(C,H4Br)]O.N02. 

By  treatment  with  argentic  oxide  and  water  all  bromine  is  removed 
and  replaced,  as  &r  as  regards  that  united  to  nitrogen,  by  hydroxy], 
whilst  the  ethylene  mono-bromide  group  loses  an  atom  of  hydrogen 
also,  and  is  converted  into  vinyl,  CH2:CH.  There  thus  results 
triethylvinyl  ammonic  hydrate : 

CH2.CH2Br  CH :  CH, 

N-(C2H5)8  +  2AgOH  =  2AgBr  +  H2O  +  ^^(CaHj), 

^Br  ^OH 

By  nascent  hydrogen  the  ethylene  bromide  group  is  converted  into 
ethyl,  and  tetrethyl  ammonic  bromide  is  formed  : 

CH2.CH2.Br  .CH2.CH3 

Nfe(C2H5)  +  2H  =  HBr  +  ^={Q^Yl^) 

^Br  ^Br 

624.  The  ethylene  hydrate  amines  are  closely  related  to  the  ethy- 
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lene  monobromo-bases.  In  these  ethylene  is  united  by  one  bond  with 
OH,  and  by  its  second  bond  to  an  ammonia  residue.  These  strongly 
basic  ethylene  hydrate  amines  are  formed  by  the  combination  of  ethy- 
lene oxide  with  concentrated  solution  of  ammonia  or  substituted 
amines,  the  reactions  being  violent : 

CH2.  CH2  +  NH3  =  N^H  ethylene  hydrate  amine ; 

O 
2C2H4O  +  NH3  =  N^^H2.CH2.0H)2  ^ji^ti^yi^j^^  hydrate  amine; 

3C2H4O  4-  NH3  =  N=(CH2.CH2.0H)„  triethylene  hydrate  amina 

In  the  form  of  their  salts  they  ai*e  obtained  by  bringing  together 
ethylene  hydrate  chloride  and  ammonia  or  amine  bases,  only  one  mole- 
cule, however,  generally  entering  into  reaction  : 

.CH2.CHj.OH 
NH3  +  CI.CH2.CH2.OH  =  N=H3 

\ci 

Ethylene  hydrate  ammonio  chloride. 
CH2.CHa.OH 

and         N(CH3)3  +  CI.CH2.CH2.OH  =  N^(CH3)3 

^Cl 

Ethylene  hydrate  trimethyl  ammonio  chloride, 
or  choline  hydrochloride. 

They  are,  therefore,  half  alcohols  and  half  animes. 

In  order  to  separate  the  compounds  simultaneously  formed,  the 
varying  solubility  of  their  hydrochlorides  and  platino-chlorides  is 
made  use  of.  The  mixture,  afler  addition  of  hydrochloric  acid,  is  eva- 
porated as  far  as  possible  to  dryness,  whereby  triethylene  hydrtUe 
ammonic  chloride,  N(C2H4.0H)3.HC1,  partly  crystallises  out  in 
prisms,  whilst  diethylene  hydrate  and  monethylene  hydrate  amfmumic 
chlorides  cannot  be  obtained  in  the  solid  state.  The  first  is  insoluble 
in  absolute  alcohol,  which  dissolves  both  the  others;  the  alcoholic 
solution  is  then  mixed  with  platinic  chloride.  The  double  salt  of 
diethylene  hydrate  ammonic  cfiloride,  [N(C2H4.0H)2H2Cl]2PtCl4, 
crystallising  in  prisms,  first  separates,  whilst  that  of  ethylene  hydrate 
amvmonic  chloride,  [N(C2H4.0H)H3Cl]2PtCl4,  is  precipitated  later  on 
addition  of  ether.  The  platino-chlorides  are  separated,  dissolved  in 
water,  and  the  platinum  precipitated  by  hydric  sulphide.  On  evapora- 
tion the  hydi'ochlondes  are  obtained,  which  by  treatment  with  moist 
argentic  oxide  yield  the  free  bases.  The  latter  are  strongly  alkaline 
syrups,  which  dissolve  in  alcohol. 

ifonethylene  hydrate  amine  is  isomeric  with  aldehyde  ammonia  or 
ethylidene  hydrate  amine  (§  424)  : 

CH2.OH  9^» 

CH2.NH2  ^^<NH, 

Ethylene  hydrate  amine.  Ethylidene  hydrate  amine, 
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3B* 


605.  ChoU/nef  C5H15NO3,  trimethyl  ethylene  hydrate  ammonic 
hydraU: 

/CH3 

requires  more  detAiled  notioe. 

Thiii  strongly  alkaline  ammonium  base  was  first  found  in  the  bile, 
later  prepared  under  the  name  newrine  icom  the  brain,  and  also  occurs 
widely  diffused  in  organic  nature  as  '  ainoalme.^  Neurine  does  not 
occur  as  such  in  the  organism,  but  in  combination  forming  leciihine,  a 
fatty  substance,  which  yields  neurine  as  a  product  of  its  resolution 
ink)  simpler  bodies. 

In  order  to  prepare  choline,  ox  brain  is  generally  employed.  This 
is  finely  divided,  and  extracted  first  by  frequent  shaking  with  ether 
and  then  with  warm  alcohol.  The  ether  and  alcohol  are  then  eva- 
porated off,  and  the  residue  boiled  for  about  an  hour  with  excess  of 
solution  of  baric  hydrate.  Excess  of  baric  hydrate  is  then  removed 
by  passing  carbonic  anhydride,  the  liquid  boiled,  filtered,  and  the  clear 
aqueous  liquid  evaporated  to  a  syrup  on  the  water  bath.  This  is  ex 
tracted  with  absolute  alcohol,  the  filtered  solution  treated  with  slight 
excess  of  hydrochloric  acid  and  precipitated  with  platinic  chloride. 
The  dear  yellow  precipitate  of  platino-chloride  is  then  dissolved  in 
water,  freed  from  platinum  by  hydric  sulphide,  and  finally  crystalline 
choline  hydrochloride,  N(0H3)3(C2H4.0H).C1,  obtained  by  evaporation 
in  a  dry  vacuum.  This,  on  treatment  with  moist  argentic  oxide,  yields 
an  aqueous  solution  of  free  neurine  : 

N(0H3)3(02H4.0H)C1  +  AgOH  =  Aga  +  N(CH3)3(C2H4.0H)OH, 

which,  on  complete  evaporation,  forms  a  caustic,  alkaline,  difficultly 
soluble  syrup,  which  absorbs  water  and  carbonic  anhydride  from  the 
air.  The  platino-chloride,  [N(CH3)3(CaH4.0H)Cl]2PtCl4,  crystallises 
from  its  aqueous  solution  in  beautiful  reddish  yellow  tables.  Accord- 
ing to  some  authors,  the  base  obtained  from  nervous  tissue  is  not 
choline,  but  trirnethylvi/nylammonic  hydrate^  which  they  then  term 
neurvM,  But,  as  hydixxshloric  acid  is  employed  in  the  preparation,  it 
may  readily  have  occurred  that  trimethyl*«thylene  chloride  ammonio 
chloride  may  have  been  formed,  which  would  yield  the  vinyl  base 
when  treated  with  argentic  oxide. 

Choline  is  obtained  synthetically  by  the  action  of  ethylene  hydrate 
chloride  or  of  ethylene  oxide  and  water  on  trimethylamine : 


pTT  yCH.2.CH.2'^" 

■     "^-^      N(CH,),  +  HOH=N=(CH,), 

N)H 


Ah>* 


On  heating  choline  with  concentrated  hydriodic  add  and  some  red 
phosphorus  at  140®  it  yields  trvmethylrethylene  iodo-ammonio  iodide , 
jS'(CH3)3(C2H4l)I,  which  is  also  obtained  from  trimethylamine  and 
ethylene  diiodide.     Moist  argentic  oxide  converts  it  into  trimethyl 
vinylammonie  hydrate : 
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N(CH8)3(CaH4l)I  +  2  AgOH  =  2AgI  +  HjO 
+  N(CH8)3CH  iCHa.OH. 

626.  Urea  Derivatives, — On  heating  ethylene  diammonic  chloride 
with  argentic  cyanate,  and  evaporating  the  filtered  liquid,  crystab  are 
obtained  of 

Ethylene  diurea,  C4H10N4O2 : 

CHJ.NH3CI  CHa.NH.CO.NH2 

I  +2Ag.N:CO  =  2AgCl+    I 

CH2.NH3CI  CH2.NH.CO.NH2 

This  is  difficultly  soluble  in  cold  water  and  alcohol,  melts  at  192^, 
combines  with  acids  to  form  salts,  and  on  heating  with  potassic  hy- 
drate yields  ammonia,  ethylene  diamine,  and  potassic  carbonate. 

Diethyl-ethylene  diureaj  C6Hi8N402,  is  obtained  similarly  to  the 
foregoing  from  diethyl  ethylene  ammonic  dichloride  and  argentic 
pseudo-cyanate : 

0Ha.N(CaH5)H2Cl  CH2.N(C2H5)CO.NH2 

I  +2Ag.N:CO  =  2AgCl+ I 

CHa.N(CaH5)H2Cl  CHa.N(CaH5)C0.NHj 

It  is  readily  soluble  in  alcohol,  and  is  readily  decomposed  on  heating 
with  acids,  yielding  carbonic  anhydride  and  salts  of  diethyl  ethylene 
diamine  and  ammonia. 

Ethylene  diethyl-ureaj  CeHigN40a,  isomeric  with  the  preceding, 
is  obtained  by  the  action  of  diethylene  diamine  on  ethylic  pseudo- 
cyanate : 

CHa-NHj  CH2.NH.CO.N(CaH5)H 

I  +2CO.N.CaH5=   I 

CH2.NH2  CH2.NH.CO.N(C2H5)H 

It  is  insoluble  in  alcohol  and  is  difficultly  decomposed  by  strong  acids, 
but  on  heating  with  alkalies  gives  carbonates,  ethylamine,  and  ethylene 
diamine. 

627.  Ethylene  dithichurea  can  be  obtained  from  ethylene  diamine 
and  carbonic  disulphide  in  the  following  way  (comp.  §  284) : — On 
mixing  in  presence  of  alcohol,  the  mixture,  at  first  clear,  solidifies  to  a 
mass  insoluble  in  alcohol  and  ether,  containing  equal  molecules  of  the 
two  ingredients.  On  boiling  the  aqueous  solution  for  a  long  time, 
hydric  sulphide  is  evolved,  and  on  cooling  fine  white  crystals  of  bitter 
taste  separate  of  ethylene  atUphurea,  CsH^NaS : 

CHa.NH3.S  CHa.NHv 

I  I    «HaS+    I  >0S 

CH2.NH.CS  CHa-NH^ 

It  yields  very  unstable  salts  with  adds,  but  is  precipitated  by  mercuric 
chloride  and  argentic  nitrate  as  crjrstalline  compounds  with  these 
salts ;  e.g.  2C3H6N2S,3HgCl2. 

Taurine,  C2H7NSO3. 

628.  Tauriney  or  ethylene-amine  stdphonic  acid,  stands  in  dose 
relationship  to  isetbionic  add : 

y3 


OH, 
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OHj.OH  CHa-NH^ 

I 
OH, 

SOj.OH  SO,.OH 

Uethionic  add.  Taurine. 

It  is  of  great  physiological  importance.  As  this  compound  is  at 
the  same  time  a  sulphonic  acid  and  an  amine,  it  can  only  exist  as  a 
saline  compound,  which  may  be  derived  from  only  one  molecule,  bat 
more  probably  possesses  the  double  formula  : 

0Ha.NH8.0.S0a 
OH2.OH2.NH2  I  I 

I  /I  or      OHj  OH, 

SOj.O    H  I  I 

SOa.O.NH3.CH2 

Taurine  is  most  readily  prepared  from  the  bile  of  animals,  whidi 
contains  invariably  the  alkaline  salts  of  nitrogenous  and  sulphor- 
oontaining  acids,  taurocholic  acids.  The  latter  are  converted  into 
Bulphur-free  acids  (cholic  adds)  and  taurine  on  boiling  with  strong 
acids  or  bases  (comp.  bile  acids). 

Taurine  is  also  found  in  animal  tissues,  e.g.  in  the  lungs  and 
muscles  (especially  of  moUusca). 

It  is  prepared  synthetically  by  heating  ammonic  ethylene  chloro- 
sulphonate  with  aqueous  ammonia  to  100^  : 

CH,.CH2.C1  CHj.CH,. 

I  +  NH3  =  NH^a  +  I  >NH, 

SOJ.O.NH4  8  Oj  .  0/ 

Taurine  crystallises  in  large,  hard,  colourless  prisms  of  the  monodinio 
system,  without  taste  or  odour,  and  which  are  di£cultly  soluble  in 
cold,  readily  in  hot  water,  insoluble  in  alcohol  and  ether.  With 
poteyssic  hydrate  it  yields  potassic  ethylene-amine  sulphonate  : 

I  >NH8  +  KOH  =  H2O  +   I 

S  O2  .  Q/  SO2.OK 

which  is  of  alkaline  reaction  and  is  soluble  in  alcohol. 

By  action  of  nitrous  add  taurine  is  converted  into  isethionic  add, 
nitrogen  being  evolved : 

0Ha.0H2.  CH2.OHa.OH 

>NH3  +  HNO3  =  H2O  +  N2  + 


i 


0-  .  O^  SO,.OH 


2* 

Nitryl  Compounds  of  the  Olefinea. 

629.  Oompounds  of  the  glycol  radicals  with  nitryl,  (NO2),  have 
only  as  yet  been  obtained  from  the  defines  by  action  of  concentrated 
nitric  add  or  by  direct  union  with  nitric  peroxide. 

Ethylene  dimtryl,  O2H4N2O4,  is  most  readily  obtained  when  dry 
ethylene  gas  is  passed  into  anhydrous  ether,  to  which,  at  the  same 
time,  liquid  nitric  peroxide  is  added  drop  by  drop : 

0,H4  +  N,04  =  0,H4(N0,),. 
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Ck>loarle88  prisms  or  tables  of  ethylene  dinitryl  separate,  which  melt  at 
37'5°y  and  volatilise  at  slightly  higher  temperature  (with  especial 
readiness  in  an  atmosphere  of  ethylene  gas). 

Isoamylene  dinUryly  C5Hio(N02)2»  is  obtained  by  passing  nitric 
peroxide  vapour  into  isoamylene,  or  isoamylene  vapour  into  red  fuming 
nitric  add.  It  crystallises  in  rectangular  tables,  which  decompose  at 
95*^9  but  sublime  slowly  below  this  temperature. 

Pho8phoru8  and  Arsenic  Gompownda  of  Ethylene. 

5S0.  Triethyl  phosphine  and  triethyl  arsine  behave  towards  ethy- 
lene haloids  in  similar  manner  to  the  trialkylamines  (§  522). 

1.  If  triethyl-phosphine  be  left  for  a  long  time  with  ethylene 
dibromide  at  ordinary  temperatures,  it  yields  mainly 

Triethylrethylene  hroma-phosphonic  bromide : 

OgHi^PBrj  =  P(CaH6)3(CH2.CH2Br)Br, 

crystallising  from  water  and  alcohol  n  rhombic  dodecahedrons.  On 
addition  of  argentic  nitrate  half  the  bromine  is  precipitated,  whilst  the 
nitrate,  P(C2H5)3(CaH4Br)O.N02,  remains  in  solution.  The  latter  is 
converted  by  hydrochloric  acid  into  the  chloride,  P(C2H5)3(02H4Br)Cl, 
which  gives  with  platinic  chloride  a  difficultly  soluble  double  aalt, 
crystaUiBing  in  long  prisms. 

If  the  original  bromide  be  heated,  either  alone  or  with  argentic 
salts,  it  loses  hydrobromic  acid  from  i^e  ethylene  bromide  group,  and 
yields  derivatives  of  triethyl-vinyl  phosphoniwm ;  on  heating  to  240^, 
e.g.,  a  residue  of  triethylvinyl phoaphonic  bromide,  ^{^^^biifS^^^zll^^y 
remains. 

If,  on  the  other  hand,  the  first  bromide  be  heated  in  dilute  solution 
with  argentic  oxide,  both  bromine  atoms  are  replaced  by  hydroinrl, 
and  the  strongly  alkaline  base  triethylrethylene  hydrate  phosphonio  hy- 
drate, P(C2H5)3(CH2.CH2.0H)OH,  is  obtained. 

2.  Aa  excess  of  triethyl-phosphine  is  converted  by  ethylene  di- 
bromide into 

OH2.P(C2H5)3Br 
HexethyUethylene  diphosphonic  dibromide,  I  .   This 

CH2.P(02H5)3Br 

crystallises  in  colourless  needles  readily  soluble  in  alcohol  and  water. 
By  moist  argentic  oxide  it  is  convei'ted  into 

CH2.P(02H5),OH 
ffexethyl-ethylene  diphosphonic  dihydrcUe,   \  ,  a 

0H2.P(C2H3)30H 

strongly  caustic,  deliquescent  mass.  Triethyl-ethylene  bromide 
phosphonic  bromide  also  gives  analogous  derivatives  with  trialkyl 
phosphines : 

OH2.P(C2H3),Br  0H2.P(02H3),Br 

I  +  P(CH,),  =   1 

CH2.Br  CH2.P(CH,),Br 

Trimethyl-triethjl  diphosphonic  dibromide. 

531.  The  latter  reaction  can  be  employed  for  the  preparation  of 
compounds  containing  both  phosphorus  and  nitrogen : 


i 
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CH8.P(0,H5)8Br  CHa.P(C8H5)8Br 

+  NH3=   I 
Hj^Br  CHa-NHaBr 

Triethyl-eihylene  phoephammonie  dibromide. 

CH8.P(0,Ha),Br  CHa.P(CaH6)3Br 

I  +  N(CH3)H,  =  j 

CHa-Br  CH2.N(CH8)H2Br 

Triethyl-methjl  ethylene  phosphammonic  dibromide. 

CHa.P(C5H5),Br  CHj.P.(C2H5)3Br 


I  +  N(OH3)3  = 

Utla.. 


.Br  CH2.N(CH3)HaBr 

Sui.  Triethjl-trimethjl  ethylene  phosphammonic  dibromide. 

532.  Triethylarsine  behaves  towards  ethylene  dibi*oiiiide  in  similar 
manner,  and  yields  arsonic  derivatives  analogous  to  the  phosphonic 
derivatives  (§  530)  : 

OH8.As(02H3)3Br  CH8.A^C2H5)3Br 

I  and       I 

CHa.Br  OHa.A8(C2H5)3Br 

Triethyl-ethylene  bromide  Hexetbyl-ethylene  diarsonic 

arsonic  bromide.  dibromide. 

of  which  the  first  unites  directly  with  ammonia,  amines,  and  phos- 
phines;  e.g. 

CHa.As(0aH5)3Br  CH2.A8(C2H5)3Br 

•  ^  N(0aH3)Ha  =   | 

CHa.Br  CH2.As(C2H6)H2Br 

Triethyl-ethyl  ethylene  arsammonic  dibromide. 

Triethyl  andne  also    unites  directly  with  triethyl-ethylene  bromide 
phosphonic  bromide : 

CH2.P.(C3H3)3Br  CH2.P(CaH5)3Br 

,  +  As(C2H,)3  =  i 

OHj-Br  CH2.A8(C2H5)3Br 

Hexethyl-ethylene  phospharsonic  dibromide. 

Metallic  Compounds  of  Ethylene. 

533.  Glycol  derivatives  corresponding  to  the  large  group  of 
metallic  compounds  of  the  monad  alcohol  radicals  are  not  known. 
Their  preparation  has  in  part  been  attempted  without  result.  Only 
ethylene  forms  souie  derivatives  in  which  it  is  at  least  in  part  imited 
to  metals,  especially  platinum  and  iron. 

Ethylene  platinum  chloride,  C2H4PtCl2,  is  formed  by  heating  a 
solution  of  platinic  chloride  with  alcohol,  or  by  passing  ethylene  gas 
into  a  hydrochloric  acid  solution  of  platinous  chloride : 

OHa  CH2V         /CI         CHa.Cl 

II  +  PtGl2=  1        >PK        or    I 

OHj  CHj/       XJl         CHa.PtCl 

It  is  a  clear  yellow  mass,  whose  aqueous  solution  yields  compounds 
with  ammonic  and  potassic  chlorides,  crystallising  in  rhombic  prisms. 
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The  latter,  CjH^PtClaiKCljHaO,  yields  on  heating  ethylene  gas,  whilst 
potassic  platinous  chloride  remains.  Propylene  and  isoamylene  also 
yield  similar  compounds  ;  C3H6PtCl2,KCl,HaO  crystallises  in  yellow 
tables;  C5H|QPtCl2,KCl,H20,  in  golden  yellow  scales  resembling 
plumbic  iodide. 

Ethylene  iron  chloride^  CaH4FeCl2,2H20.  This  body  is  obtained 
on  heating  a  solution  of  ferric  chloride  in  ether  to  140°-150°,  better  if 
some  phosphorus  dissolved  in  carbonic  disulphide  be  added,  the  heat 
of  the  water  bath  then  sufficing.  The  liquid  fills  with  hard,  nearly 
colourless  crystals  of  the  above  formula.  These  become  somewhat 
damp  in  the  air,  and  oxidise,  turning  yellow.  They  dissolve  readily 
in  water,  and  lose  their  water  of  crystallisation  at  100°.  Their  whole 
behaviour  characterises  them  as  a  ferrous  compound,  so  that  their 

CHav        yCl 
composition  cannot  be  expressed  by  the  formula  |        /^^     ,  but  is 

GR/       X)1 
OHa.Cl 
in  all  probability  |  Their  formation  is  expressed  by  the 

CH2.Fe.Cl 
equation : 

2{G^U^)^0  +  FeaClfi  =  'JCaH^FeCla  +  2CaH5.0H  +  2CI2, 

the  chlorine  acting  on  the  resulting  alcohol  or  the  excess  of  ether 
either  directly  or  after  combination  with  phosphorus. 
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PARAFFINS. 

Debiyatiybs  of  the  Tbiyalent  Radicals,  CnH2n_i- 

534.  The  rsplaoement  of  three  hydrogen  atoms  in  a  paraffin  hy 
other  elements  or  compound  radicate  yields,  in  accordance  with  the 
chemical  position  of  the  replacement,  the  following  groups  of  com- 
pounds:— 

1.  If  the  three  substitution  positions  are  on  a  single,  necessarily 
terminal  carbon  atom,  there  occur  deriyatives  of  the  hydrocarbon 
radical: 

whose  simplest  oxygen  compounds  are  the  organic  adds  CnHsnOj  or 

Lo 

Ah 

The    first    member    of   the  series  is   the  mono-carbonide  formyl 
H.0: 

2.  If  two  substitution  positions  occur  on  one,  the  third  on  a  second 
carbon  atom,  two  cases  may  occur. 

a.  The  double  replacement  occurs,  as  in  the  aldehydes,  on  a  ter- 
minal carbon  atom : 


H 


The  compounds  of  this  class  are  those  of  the  mono-substituted  aide- 
hyde  radicals.    The  first  member  of  the  series  is  a  dicarbonide  : 

OH,. 

OH: 
b.  In  the  deriyatiyes  of  the  fruyruhsubstituted  ketone  radicais  the 
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double  substitution  has  occurred  on  an  intermediate  secondarily  united 
carbon  atom  : 


All  compounds  of  this  class  must  contain  more  than  two  carbon 
atoms. 

3.  If,  finally,  all  these  substitution  positions  occur  on  three  different 
carbon  atoms,  there  result  derivatives  of  the  trivalent  alcohol  radicals, 
whose  first  member  is  the  tricarbonide  glyceryl  or  allyl : 

(JS2 — 


OH— 
CHa— 

Derivatives  op  the  Acid  Radicals,  CnHjn'+i-CJ:. 

535.  The  first  member  of  this  series,  strictly  speaking,  is  the  radical 
of  acetic  add,  CH3.C  i  (acetyl),  but  that  of  formic  add,  H.O  |  (formyl), 
shows  such  analogy  that  it  must  be  included  in  the  group.  Up  to  the 
tricarbon  radical  of  propionic  add,  CH3.CH3.C ; ,  no  isomerism  occurs, 
this  commencing  only  with  a  carbon  contents  of  four  atoms : 

OH, 

CHaCHa 


A) 


OHj 


and  dk 


Their  number  is  always  equal  to  the  number  of  primary  alcohols  of 
equal  carbon  contents. 

53(5.  By  far  the  larger  number  of  the  acid  radical  derivatives  con* 
tain  an  oxygen  atom  in  divalent  union,  oxidised  radicals,  O11H211+ 1*00, 
acidoxylSf  thereby  resulting,  whose  hydrates  are  the  monobasic  organic 
acids,  Cn'Hsn'+i'OO.OH.  In  these  hydrates  not  only  the  halogen 
atom,  but  also  the  whole  hydroxyl  group  is  readily  replaced  by  otiber 
elements,  whilst  the  oxygen  atom  in  diad  union  is  only  eUxoinated 
or  replaced  with  difficulty. 

Halogen  and  Nitryl  Gompownds. 

537.  The  number  of  known  halogen  compounds  of  the  addyl 
residue  CnHsn. ^  is  very  small,  consisting  of  the  trihaloids  of  formyl 
and  acetyl. 

The  trichlorides  and  tribromides  are  obtained  directly  by  the  action 
of  the  respective  halogens  upon  the  paraffins,  but  are  more  readily 
prepared  from  the  chlorides  and  bromides  of  the  respective  primary 
alcohols  and  the  dihaloids  of  the  aldehyde  radicals  : 
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Cn'Hjn^+i.OHaOl  +  201j  =  Cn^Han'+iCClj  +  2HCa 

They  can  be  partly  obtained  from  the  acidoxyl  chlorideB, 
Cn'B[2n'+  i.COCl,  by  heating  with  excess  of  phosphoric  chloride : 

Cn'Han+i.COCl  +  PCa^  =  POCI3  +  CnHjn+i.CCla. 

The  yieldy  however,  is  but  small,  the  high  temperature  required  for 
the  reaction  leading  to  further  decompositions. 

Formyl  Compounds. 

538.  Formyl  trichloride,  or  chloroform,  CHCI3,  trichlor  methane. 
Chloroform  is  obtained  by  the  direct  action  of  chlorine  gaa  on  methane, 
methylic  chloride,  and  methene  dichloride,  and  further  by  the  dis- 
tillation of  wood  spirit,  alcohol,  acetone,  acetates,  and  several  other 
organic  bodies  with  chloride  of  lime,  also,  together  with  potassio  for- 
mate, by  heating  chloral  with  solution  of  potassic  hydrate : 

OClj.OHO  +  HOK  =  OCI3H  +  CHO.OK. 

The  latter  method  has  been  employed  of  late  for  the  manufacture 
of  pure  chloroform ;  in  large  quantity  it  is  still  obtained  from  alcohol. 
For  this  purpose  three  parts  of  alcohol,  100  parts  of  water,  and  fifty 
parts  of  diloride  of  lime  are  submitted  to  diBtillation.  In  the  receiver, 
which  must  be  kept  well  cooled,  two  layers  of  liquid  collect,  the  under 
eonsisting  mainly  of  chloroform.  This  is  shaken  with  water  and  then 
purified  by  distillation  over  concentrated  sulphuric  acid. 

Chloroform  is  a  colourless,  strongly  refractive  liquid,  not  miscible 
with  water,  of  sp.  gr.  1*52  at  0°,  boiling  point  61°,  and  of  vapour 
density  4' 199.  It  is  uninflammable  in  air,  has  an  agreeable  odour,  a 
sweet  taste,  and  on  long  inhaling  of  its  vapour  produces  loss  of  con- 
sciousness and  insensibility  to  pain.  It  is  thereifore  employed  as  an 
anaesthetic  agent. 

Chloroform  is  further  employed  as  a  solvent  for  fats,  resins,  caout> 
chouc,  kc.  Sulphur,  phosphorus,  and  iodine  also  dissolve  in  it,  the 
latter  with  violet  colour. 

Ammonia  converts  chloroform  at  180°  into  ammonic  chloride  and 
cyanide: 

HCa,  +  6NH3  =  3NH4CI  +  (NH4)CN ; 

by  addition  of  potassic  hydrate  ammonic  cyanide  is  obtained  at  con- 
siderably lower  temperatures : 

HCCI3  +  2NH3  +  3K0H  =  3Ka  +  (NH4)CN  +  SHjO. 

Alcoholic  potassic  hydrate  converts  it  into  potassic  chloride  and 
formate  * 

*  HCCI3  +  4H0K  =  3KC1  +  HCO.OK  +  2HaO, 

or  in  presence  of  alkylamines  gives  the  alkyl  isocyanates  (§  278). 

The  chloroform  of  commerce,  especially  when  prepared  from 
alcohol,  is  frequently  contaminated  with  other  bodies,  such  as  alcohol, 
aldehyde,  ethylidene  dichloride,  <!^c.,  and  then  readily  becomes  useless 
on  keeping.  Pure  chloroform  must  be  without  action  on  vegetable 
oolourSy  must  not  colour  a  mixture  of  sulphuric  and  chromic  acids 
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green,  must  not  turn  brown  with  sulphuric  add  or  potasedc  hydrate, 
and  must  not  suddenly  evolve  inflammable  gases  (monochlor  ethylene) 
when  heated  with  alcoholic  potassic  hydrate. 

By  the  action  of  chlorine  on  boiling  chloroform  in  sunlight 
Carbonic  tetrachloride,  or  tetrachlor  methanef  COI4,  is  obtained  as  a 
colourless  oil  of  ethereal  odour,  of  sp.  gr.  1*56  and  of  boiling  point  78°. 
The  same  compound  is  formed  by  passing  chlorine  into  a  heated 
mixture  of  carbonic  disulphide  and  antimonic  chloride  : 

CSa  +  601  =  SaCla  +  CCI4. 

The  product  is  distilled,  and  that  portion  passing  over  below  100** 
treated  with  solution  of  potassic  hydrate  in  order  to  decompose  the 
sulphur  chloride. 

Potassic  hydrate  decomposes  an  alcoholic  solution  of  carbonio 
tetrachloride  into  potassic  chloride  and  carbonate  : 

CCI4  +  6K0H  =  4KC1  +  K2CO,  +  3HaO; 

and  nascent  hydrogen  converts  it  into  chloroform,  methene  dichloridey 
methylic  chloride,  and  even  methane : 

CCI4  +  2H  =  CHCI3  +  HCl,  Ac. 

Methane  is  also  obtained  when  the  vapour  of  tetrachlor  methane  mixed 
with  hydrogen  is  passed  through  red-hot  tubes  : 

CCI4  +  4Ha  =  CH4  +  4HCa. 

639.  Formyl  tribromide,  hromqformy  0HBr3,  is  obtained,  similarly 
to  chloroform,  by  the  action  of  bromine  and  potassic  hydrate  upon 
methylic  and  ethylic  alcohols,  acetone,  &c.  It  closely  resembles  chloro- 
form, but  has  a  higher  sp.  gr.  (2*9),  boils  between  150°  and  152°,  and 
solidifies  at  —  9°  to  a  colourless  crystalline  mass. 

On  heating  bromoform  or  carbonic  disulphide  with  bromine,  car- 
bonic tetrabromide,  CBr4,  is  obtained  j  it  mdts  at  92*5°,  is  insoluble 
in  water,  and  forms  tabular  crystals. 

640.  Formyl  triiodide,  or  iodoform,  OHjI,  is  obtained  by  heating 
methylic  and  ethylic  alcohols,  ether,  acetone,  sugar,  dextrine,  albumin- 
oids, (fee.,  with  potassic  hydrate  and  iodine.  It  separates  thereby  in 
yellow  leafy  crystals,  which  on  recrystallisation  from  ether  form  large, 
citron-yellow,  brilliant,  hexagonal  tables.  It  is  insoluble  in  water, 
but  readily  soluble  in  alcohol  and  ether.  At  ordinary  temperatures 
it  evaporates  slowly  and  smells  like  saflron.  It  evaporates  readily 
and  xmchanged  with  aqueous  vapour  and  melts  at  119°.  Its  reactions 
resemble  those  of  chloroform.  Its  convertibility  into  methene  00m- 
pounds  has  been  already  mentioned  (§  380). 

If  iodoform  be  distilled  with  plumbic,  mercuric,  or  sdnic  chlorides, 
formyl  dicfdoroiodide,  or  dichloriodoform^  OHOIqI,  passes  over  as  a 
yellow-coloured  oil,  boiling  at  131°.  Bromine  converts  iodoform  into 
formyl  dibromiodide,  or  dibromiodoform,  OHBral. 

641.  Nitroform,  or  tri/nitro-mstkan^,  OH(N02)3,  is  formed  by 
the  action  of  the  most  concentrated  nitric  acid  upon  the  bile  acids, 
upon  oenanthol,  and  some  organic  bodies.  It  is  usually  prepared  from 
triaceto-nitrile  ^see  later).  On  boiling  this  with  water  or  alcohol, 
carbonic  anhydride  is  evolved,  and  the  solution  evaporated  on  oom- 


882  DERIVATIVES  01?  TfiE  ACID  RADICALS.   Cjl^-v 

Sletion  of  the  reaction  yields  yellow  crystals  of  a  saline  ammonium 
eriyatdve  of  nitroform : 

C(N03)3.CN  +  2Kfi  =  0(NOj)3.NH4  +  OOj. 

On  heating  this  latter  with  concentrated  sulphnric  acid,  nitroform 
a^Mrates  as  a  colourless  oil,  which  crystallises  on  cooling : 

0(NH4)(N0a)a  +  H2SO4  =  (NH4)HS04  +  OH(NOa)a. 

Trinitro-methane  crystallises  in  colourless  cubes,  which  melt  at  15°  to 
a  liquid  of  powerful  odour.  It  decomposes  slowly  at  100°,  on  quicker 
heating,  with  violent  explosion. 

Nitroform  has  the  properties  of  a  powerful  add,  combines  with 
ammonia,  forming  0(NH4)(N03)8»  and  yields  yellow  crystallisable 
salts  with  the  alkalies  : 

CH(NOj)a  +  KOH  =  CK(N0,)8  +  HjO. 

A  mixture  of  concentrated  nitric  and  sulphuric  adds  converts  it  into 
TetranUro-me^ume : 

OH(N02)3  +  HO.NOj  +  HaS04  =  H4SOJ  +  C(N0,)4, 

a  colourless  uninflammable  oil,  boiling  at  126°,  which  solidifies  in  the 
oold  to  colourless  crystals,  melting  at  about  13°. 

S42.  Nitro-chhro/omi,  or  chloro-^ncrm,  CCl3(N02),  is  formed  by 
the  distillation  of  methylic  or  ethylic  alcohol  with  sodic  chloride, 
nitric  add,  and  sulphuric  add.  It  is  formed  from  many  chlorinated 
organic  bodies  by  heating  with  concentrated  nitric  add : 

001a.CHO  +  HO.NO,  =  001,(^02)  +  H3O  +  COa. 

ChlonL 

By  heating  chloroform  with  concentrated  nitric  and  sulphuric  adds, 
but  little  chloro-picrin  is  formed  together  with  many  gaseous  pro- 
ducts: 

CHa,  +  HONO2  +  H2SO4  =  H4SO5  +  0(N0a)Cl8. 

It  is  most  readily  prepared  by  mixing  one  part  of  a  solution  of  trinitro- 
phenol  (picric  add),  saturated  at  30°,  with  ten  parts  of  bleaching 
powder  rubbed  up  with  water  to  a  thick  paste,  when,  without  appli- 
cation of  heat,  chloro-picrin  distils  as  a  colourless,  uninflammable  oil, 
of  sp.  gr.  1*66,  boiling  at  112°-113°.  The  vapour  attacks  the  mucous 
membrane  violently.  Treated  with  iron  filings  and  acetic  add,  it 
yields  methylamine : 

2CCaa(N0a)  +  12Fe  +  ISHO.OaHaO  =  2CHa.NHj  +  4:11  fi 

+  3FeClj  +  9Fe(O.CaH30)j. 

With  sodic  ethylate  it  gives  ethylic  orthoH»rbonate  (§  227),  and  by 
heating  with  alcoholic  ammonia,  guanidine  (§  127) : 

C(N0a)a3  -h  7NH3  =  C(NH)(NHa),  +  3NH4CI  +  2H2O  +  N,. 

I)initrodiMor<Hnethcme,  O(NOa)aOla)  is  formed  by  distilling 
naphthaline  chloride  with  nitric  add,  as  a  colourless  oil,  distillable 
with  water  vapour. 

I^Uro-bromqfarm,  OBra(NOa),  is  obtained,  like  chloro-picrin,  by 
heating  picric  add  with  lime  paste  and  bromine.     It  is  an  oil,  crystal- 
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line  below  10°,  of  sp.  gr.  2*8,  and  possessing  similar  propertieB  to 
ohloro-picrin.  It  cannot  be  distilled  under  ordinary  pressure  without 
deoompositiony  but  distils  unchanged  in  vacuo. 

Acetylic  Trichloride, 

543.  Acetylic  trichloride,  or  trichlor  ethane,  OHs.COla,  is  formed^ 
together  with  ethylidene  dichloride  and  higher  substitution  products, 
when  ethylic  chloride  vapour  is  mixed  with  chlorine  in  sunlight.  The 
reaction  is  generally  conducted  in  a  balloon,  as  in  the  preparation  of 
ethylidene  dichloride  (fig.  21,  §  473).  Another  still  better  method 
consists  in  passing  chlorine  on  to  the  sur&oe  of  ethylidene  dichloride 
contained  in  a  glass  balloon  exposed  to  sunshine.  The  balloon  is  at 
starting  heated  on  a  water  bath  until  the  ethylidene  dichloride  begins 
to  boil.     If  the  chlorine  be  added  quickly,  and  the  process  : 

CH3.CHCI2  +  Clj  =  HCl  -f  CHa.CCla, 

is  lively,  the  liquid  continues  to  boil  of  itself.  The  action  is  interrupted 
as  soon  as  the  temperature  of  the  boiling  liquid  reaches  70**.  But 
small  quantities  of  chlorine-richer  products  are  then  formed ;  there  is, 
however,  still  some  unaltered  ethylidene  dichloride.  Acetylic  trichloride 
is  obtedned  pure  by  fractional  distillation. 

It  is  a  colourless  liquid,  of  chloroform-like  odour,  not  miscible 
with  water,  boils  at  73®-75°,  and  is  converted  into  potassic  acetate  by 
heating  with  aqueous  or  aqueo-alcoholic  potassic  hydrate  : 

OH3.COI8  +  4H0K  =  3Ka  +  CH3.CO.OK  +  2HaO. 

Ethereal    Derivatives    of  Addi/ls, 
Cn.Han'+  j.C  •  (O.CnHan  +  1)3* 

544.  One  molecule  of  an  acidyl  trihaloid  so  reacts  with  three  mole- 
cules of  a  sodic  alkylate  that  in  great  part  the  three  halogen  atoms 
are  replaced  by  oxyalkyl  gi'oups,  and  the  ethereal  derivatives  of  the 
acidyl  radicals  obtained.  Boiling  solutions  of  alkaline  hydrates  con- 
vert these  compounds  into  alcohols  and  salts  of  the  monobasic  organic 
acids : 

Cn'Han'+i.O;  (O.CnHjn  +  Oa  -f-  HOK  -h  HjO  =  On.Hj„.+  i.CO.OK 

So  far  only  the  following  compounds  have  been  obtained  : — 

Formylrtriethyl  ether,  or  ethylic  ortho/ormate,  H.O  •  (O.C2H5)j,  is 
obtained  by  heating  chloroform  with  an  alcoholic  solution  of  sodic 
ethylate  : 

H.CCI3  +  3NaO.C2Hft  =  3NaCl  +  H.C(O.CaH5)3, 

as  a  liquid  boiling  at  146°  and  insoluble  in  water.  It  yields  potassic 
formate  when  heated  with  alcoholic  potassic  hydrate. 

Acetyl'triethyl  ether,  or  ethylic  ortho-acetate,  OH3.O  •  (f)0^^^,  is 
formed  by  heating  acetylic  trichloride  with  sodic  ethylate  free  from 
alcohol  ill  presence  of  ethylic  ether  at  100**-120** : 

CH3.OCI3  +  3NaO.CjH5  =  3NaCl  +  CH3.C(O.C,H3),. 
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At  the  same  time  a  peculiar  oomponnd  is  formed  aooording  to  the 
equation : 

CH,.Caa  +  2NaO.CaH5  =  2Naa  +  HO.C3H5  +  CK^:CC[{0,C^1I^). 

ThiB  boils  at  122°,  and  cannot  be  completely  separated  from  the  acetyl- 
triethyl  ether  by  fractional  distillation.  The  latter  boils  at  about  1 42°, 
and  on  heating  to  120°  with  water  decomposes  into  acetic  acid  and 
alcohol : 

CH,.C(O.CaHa),  +  2HaO  =  CH3.CO.OH  +  SHCCaHj. 

AoicUhnitrtUs,  or  Alkyl  Ct/anides,  Cj^>K^.^  ^C  .-N. 

645.  The  three  bonds  of  the  acid  radical  can  be  united  to  a  single 
nitrogen  atom.  There  thereby  result  compounds  of  the  true  cyanogen 
group,  — C=Ny  with  the  alcohol  radical  o£  next  lowest  carbon  con- 
tents, the  true  aikyl  cyanides^  ctcidyl  nitriles,  or  acido^itrUes,  which 
are  isomeric  with  the  alkyl  isocyanides  or  allr^l  carb-ammonium  com- 
pounds (§§  278  and  279). 

As  aU^l  cyanides  tnese  compounds  are  obtained  with  carbon- 
nucleus  synthesis  when  alcoholic  solutions  of  the  alkyl  haloids,  best 
the  iodides,  are  heated  with  potassic  cyanide  or  potassic  mercuric 
cyanide : 

I  +K.C:N  =  KI+   I 

I  CiN 

or  when  an  intimate  mixture  of  a  potassic  alkyl  sulphate  and  potassic 
cyanide  is  submitted  to  dry  distillation : 

(OnHjn+i)KS04  +  KON  =  KaS04  +  CnHa„  +  ,.CN. 

In  the  latter  method  some  isocyanide,  (CnHgn^  i).N  [  C,  also  distils 
over.  In  order  to  destroy  this  the  distillate  is  shaken  with  water 
containing  hydrochloric  acid  until  the  unpleasant  odour  of  the  iso- 
C3ranide  1ms  disappeared ;  the  excess  of  acid  is  neutralised  by  addition 
of  dried  soda,  and  the  cyanide  obtained  pure  on  distillation. 

These  compounds  are  also  formed  by  the  action  of  cyanogen 
chloride  on  the  zinc  dialkyls : 

As  acido-nitriles  these  compounds  are  obtained  by  distillation  of 
the  add  amides  with  phosphoric  anhydride  : 

0=0         -f  PA  =  2HP0,  +  CEN 

I 
NH, 

046.  As  triad  nitrogen  compounds  the  nitriles  (like  prussic  acid) 
unite  directly  with  a  molecule  of  a  halogen  hydro-acid.  The  com- 
pounds 80  formed  decompose  with  water  into  an  anunonic  salt  and 
nee  organic  add : 

(\,IL^.+  ,.0  i  N<§  +  2HaO  =  NH.Cl  +  0n.H2n'+  ,.C0.0H. 
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The  cyanides  undergo  the  same  change  when  boiled  with  a  strong 
mineral  acid.  Alkalies  act  on  them  in  a  similar  way,  giving  free 
ammonia  and  the  potassic  salt  of  a  monobasic  acid  of  like  carbon 
contents : 

Co^Hjn^+i.CN  +  HOK  +  H2O  =  On'Han  +  i.CO.OK  +  NH,. 

Nascent  hydrogen  conyerts  them  into  the  alkylamines  (§  266). 

647.  Fanno^itrile,  HON,  has  already  been  described  as  hydro- 
cyanic adds  amongst  the  cyanogen  compounds  (§  74). 

Aceto-nitrile,  or  methylic  cyanide,  CH3.CN,  is  obtained  either  from 
methylic  iodide  and  potassic  cyanide,  or  best  from  acetamide  by  dis- 
tillation with  phosphoric  anhydride.  It  is  a  colourless,  agreeable- 
smelling  liquid,  which  boils  at  82°,  mixes  with  water  in  every  pro- 
portion, and  burns  with  a  violet-mantled  flame. 

It  combines  with  a  molecule  of  bromine,  on  heating  to  100°,  to  a 
body,  CHs.ONBrj,  crystallising  in  rhombic  prisms,  melting  and 
subliming  at  65°,  and  probably  of  the  constitution  CHaBr.CNHBr. 

The  bodies  CH3.CN.HBr  and  CH3.CNHI,  obtained  dii-ectly 
with  considerable  evolution  of  heat,  are  solid  crystalline  masses. 

Aceto-nitrile  also  unites  with  phosphorous  chloride,  CHg.CN.PClj, 
and  with  many  metallic  haloids  forming  crystalline  compounds,  such 
as  CH3.CN,SbCl5,  (CH3.CN)2SnCl4,  <kc.  These  volatilise  on  heating 
and  condense  unchanged,  but  are  decomposed  by  water. 

648.  Propio-nitrUey  or  ethylic  cyanide,  C2H5.CN,  is  prepared  from 
ethylic  iodide,  or  ethylic  potassic  sulphate  and  potassic  cyanide,  also 
from  propionamide  and  phosphoric  anhydride.  It  is  a  colourless 
liquid  of  agreeable  odour,  not  miscible  with  water  in  every  propor- 
tion, which  boils  at  98°  and  has  sp.  gr.  '787.  It  yields  similar  com- 
pounds to  aceto-nitrile  with  bromine,  hydro-acids,  and  metallic 
chlorides. 

If  propio-nitrile  be  allowed  to  drop  on  metallic  potassium,  a  violent 
reaction  occurs,  in  which  potassic  cyanide  and  butane  are  formed : 

2C2H5.CN  +  Ka  =  2KCN  +  C4H10, 

but  at  the  same  time  a  part  polymerises  to 

Cyanethine,  C9H15N3.  This  latter  is  a  white,  odourless  body, 
crystallising  in  leafy  crystals,  which  melt  at  190°  and  boil  at  290° 
with  partial  decomposition.  It  is  little  soluble  in  cold  water,  is  a 
strong  base,  and  yields  crystalline  salts  with  one  equivalent  of  add, 
e.g.  CgHijNgjHNOs.  Its  constitution  is  not  yet  certain,  but  from 
its  formation  it  would  appear  to  be  triethylic  tricy amide  (§  72)  : 

CaH5.C=N 

N— C.C2H5 

02H5.C=N 

649.  Butyro-nitrile,  C3H5.CN,  occurs  as  two  isomerides. 

1.  Propylic  cyanide,  CH3.CH2.CH2.C  •  N,  prepared  from  normal 
propylic  iodide  and  potassic  cyanide,  or  by  distillation  of  butyramide 
and  P2O5,  is  an  oU  boiling  at  118°-119°. 

2.  IsopropyUe  cyanide,  or  isobutyro^itrUef  (0H3)aCH.CN,  la  ob- 
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tained  from  isopropylio  iodide  and  potassic  cyanide,  or  by  long  heating 
of  iBobntyric  add  with  potassic  sulpho-cyanate  : 

(OH3)aOH.CO.OH  +  HSCN  =  HjS  +  COj  +  (CH3)2CH.CN. 

It  is  an  oil  of  peculiar  aromatic  odour,  boiling  at  lOT^'-lOS®. 

550.  Valero-nitrilea,  or  hutylic  cyemides,  C4H9.CN.  Four  of  these 
compounds  are  possible,  but  are  not  all  known. 

1.  Normal  vcdero-nUrile,  or  hutyUc  cyanide  : 

0H,.0Ha.0Ha.0H2.C]Sr, 

is  prepared  from  normal  butylic  haloids  and  potassic  cyanide.  It 
boik  at  UO-b"*  and  has  at  0"*  sp.  gr.  -8164. 

2.  IsovcUero-nUrUe,  or  iaobutylic  cyanide,  is  prepared  frt>m  iso- 
butylic  iodide  and  poteissic  cyanide,  or  by  heating  isoinnJeric  acid  with 
potassic  sulpho-cyanate,  as  a  colourless  oil  of  bitter  almond  odour,  of 
sp.  gr.  -8227  at  0%  and  boiling  at  1 26^-128°. 

3.  Trimethyl  aoeto-niirile,  or  trimethyl  carhvn<ya/nide : 

CH3AC.ON, 

k  obtained  readily  by  the  action  of  pure  trimethyl  carbin-iodide  on 
potassic  mercuric  cyanide.  Some  isocyanide,  (CH3)30.N=C,  is 
always  formed  at  the  same  time,  but  is  readily  decomposed  by~Eydro- 
chloric  add.  Trimethyl  aceto-nitrile  is  a  colourless  oil,  boiling  at  105^- 
106° ;  on  cooling  it  solidifies  to  a  crystalline  mass,  melting  at  16°. 

The  fourth  isomeride,  ''qctJ^CH.CN,  has  not  yet  been  pre- 
pared. 

551.  laoamylic  cyanide,  or  iaocaprthnitrile : 

(CH3)a.OH.OH2.CHa.ON, 

obtained  by  the  dry  distillation  of  isoamylic  potajssic  sulphate  with 
potassic  cyanide,  is  an  unpleasant-smelling  oil,  of  boiling  point  146° 
and  sp.  gr.  *806. 

Dimethylrethyl  aeeto-nitrile,  C(CH3)202H5.CN,  boils  at  about  130°. 

(Efiontho-nitrilef  or  hexyl  cyanide,  O5H]  3.CN,  is  prepared  by  action 
of  potassic  cyanide  on  hexyl  chloride. 

OaprykMUtrile,  or  heptyl  cyanide,  O7H]  5.ON,  prepared  by  heating 
ammonic  caprylate  with  phosphoric  anhydride,  boils  at  194°-196° 
and  has  sp.  gr.  '8201  at  13*3°. 

Felargo-nitrile,  or  octylic  cyanide,  CgHiy.CN,  prepared  by  boiling 
octylic  cyanide  with  |)otassic  iodide  and  alcohol,  boils  at  206°  and 
has  sp.  gr.  '8187  at  14°. 

Cetylic  cyanide,  or  margaro-nitrile,  C1gH31.CN,  is  prepared  by  the 
action  of  cetylic  iodide  upon  potassic  cyanide,  though  not  in  a  com- 
pletely pure  condition. 

/NH, 
Aeidyl  Diamines,  Cn'H2ii'+  i.Cfe-NH 

552.  Of  the  compounds  of  the  add  radicals  with  two  nitrogen 
atoms — one  amide  and  one  imide  group — only  the  members  poorest 
in  carbon  are  known,  and  then  only  in  compounds  with  adds. 
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553.  Formyl  dicmiine,  or  formyl  imide-ixmide,  CH4N2,  or 
0H(NH)NH2.  On  heating  formyl  triethylate  with  acetamide  to 
180!'  both  bodies  react  according  to  the  equation  : 

CH(0.CaHft)3  +  2N(C2H30)H2  =  SHO.OjHa 


.  OH /  =^(C2H30) 
+  ^^  I  — N(C2H30)H 


This  diacetyJrformyl  diamine  crystallises  in  colourless  cubes,  which 
on  heating  with  water  yield  formyl  diamine  acetate  : 

H  H 

C=:N— O2H3O  +  2H2O  =  Cii£NrHj.O.OaH,0 


N(CaH30)H  NH3.O.O2H3O 

This  on  evaporation  with  hydrochloric  acid  gives  : 
H  H 

C=zNH2.0.CaH30  +  2H01  =  2HO.CaH30  +  0=NH.HC1 

I  I 

NH3.O.C2H3O  NH2.HCI 

which  yields  with  platinic  chloride  golden  yellow  crystals  of  the 
double  salt  CH4N2,2HClPtCl4.  On  heating  prussic  acid  hydro- 
chloride (§  77)  with  absolute  alcohol,  the  mono-hydrochloride  of 
formyl  diamine  is  obtained  : 

2CH  i  NHCl  +  2C2H6.OH  =  C2H5OI  +  CHO.O.C2H5 

+  CH(NH).NH2.HC1, 

forming  colourless  crystals  melting  at  81°;  and  on  addition  of  alkali 
yielding  ammonia  and  a  formate  : 

HC^NH 

I  +  2H0K  =  KCl  +  HCO.OK  +  2NH3. 

NII2.HCI 

A  related  body  is  isomciic  with  urea,  namely  : 

/surety  foi-myl-imid  hydroxylamide,  CH(NH).NH.OH.  It  is 
formed  by  the  direct  union  of  prussic  acid  with  hydroxylamine  in 
alcoholic  solution : 


H.C^N  +  NH«.OH  =  H.Ci=NH 


NH.OH 

It  crystallises  in  rhombic  prisms,  which  are  readily  soluble  in  water, 
difficultly  in  alcohol,  and  melt  at  104°-105*'.     The  aqueous  solution 
on   boiling   decomposes   in   very  complicat<ed   manner,  urea,  biuret, 
guanidine,  ammonia,  carbonic  acid,  and  nitrogen  being  formed. 
554.  Acetyl  dianiinef  or  acediamine  : 

CjHgN,  or  CH3.C  I  ^g» 

is  obtained  as  hydrochloride,  together  with  ammonio  chloride,  diaoeta- 

z 
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mide,  and  free  acetic  acidy  on  heating  acetamide  in  a  stream  of  dry 
hydrochloric  add  gas : 

2OH3.CO.NH5  +  HOI  =  OH3.CO.OH  +  CH3.C  i  (NH)(NH2.HC1). 

On  distillation  the  salt  remains  in  white  needles,  which  can  be  re- 
crystallised  from  ether  alcohol.  With  platinic  chloride  it  yields  the 
crystalline  double  salt  [0Ha.0(NH)(NHa)HCl]a,PtCl4.  By  mixing 
a  solution  of  the  hydrochloride  with  solutions  of  argentic  salts,  other 
salts,  containing  one  equivalent  of  acid,  can  be  prepared.  On  en- 
deavouring to  obtain  the  free  base  from  these,  it  decomposes  into 
ammonia  and  ammonic  acetate : 

OH,.C(NH)(NHa)  +  2H2O  =  NH,  +  0Ha.C0.0.NH4. 

Derivatives  of  the  Aoidoxyls,  Cn'Hjn'+i.OO. 

555.  By  combination  of  an  add  radical  with  the  two  bonds  of  an 
oxygen  atom,  there  result  the  very  stable  monad  acidoxyU  or  oxy- 
radicals: 


Lo 


of  the  monobadc  organic  so-called /o^y  cuida : 

OnHjnOa  =  On'Han^+i.CO.OH, 

or  CIn/Han'+i 

0=0 

in 

By  action  of  various  chemical  bodies  on  the  acids  the  acidoxyls 
behave  in  many  ways  like  the  alcohol  radicals.  The  hydroxyl  group 
is  replaced  by  halogen  when  they  are  treated  with  phosphoric  haloids, 
the  halogen  compounds  of  the  acidoxyls  being  produced  : 

on  replacing  the  hydroxyl  by  amidogen,  NHj,  the  addoxyl  amides, 
Cn'H2n'+  i.CO.NHj,  are  formed  ;  and  the  diacidoxyl  amides  : 

(Cn'H2n'+  i.CO/aNH, 

and  triaddoxyl  amides,  (CnH2n+i.OO)3N,  stand  in  very  close  relation 
to  these  latter. 

If  the  hydroxylic  oxygen  atom  of  an  organic  add  be  replaced  by 
sulphur,  the  compounds  formed,  the  addoxyl  stUph-hydrates,  possess 
the    character    of    monobasic    acids,    and    are    termed    thio-adds, 

Oii'M2n'+  i.CO.BH. 

The  hydrogen  atoms  in  the  groups  OH  and  SH  united  to  acid- 
oxyls are  distinguished  by  the  ease  with  which  they  are  replaced  by 
basic  metals  or  by  alcohol  radicals,  salts  of  the  fatty  acids  being 
thereby  formed : 

0||'H2]i'^.  pCO.OM.  On'H2n'4-  i.OO.O.Oii'»H2n"+  I 

Oii^Hji^^  I  .OO.SM         0]|'H2ii'4.  j.OO.S.Cn«»H2n'»+ 1 
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If  the  respective  hydrogen  atoms  be  replaced  by  addoxyl  groups,  the 
diacidoxyl  oxides  or  a^  anhydrides,  Cn.H2n»+,.CO.O.CO.Cn*H2n''+i» 
and  the  diacidoxyl  siUphides  or  sulph-amhydrides : 

are  obtained. 

The  aldehydes  (§  383),  CnHjn  +  i-CO.H,  may  be  considered  as  the 
hydrides  of  the  acidoxyls,  standing  to  the  acids  in  the  same  relations 
as  those  of  the  paraffins  to  the  alcohols  of  the  series  CnHjii+i'OH. 
The  ketones  may  be  looked  on — in  agreement  with  several  of  their 
methods  of  formation  (§  436) — as  compoimds  of  the  addoxyls  with 
alcohol  radicals  : 

CH3.CO.CH3,  acetone  =  acetyl-methyl. 

As  the  acids  occur  frequently  in  nature  in  the  free  state  or  in 
form  of  their  metallic  or  ethereal  salts — in  the  latter  case  mostly  as 
salts  of  the  trihydric  alcohol  glycerine,  forming  the  chief  constituents 
of  animal  and  vegetable  fats — it  is  advisable  to  consider  them  before 
all  other  acidoxyl  compounds,  which  are  generally  prepared  from 
them. 

The  Monobasic  Fatty  Acids,  CnHsnO^. 
Acidoxyl  Hydrates,  CnHan^iO.OH  or  Cn'Han'+i.CO.OH. 

556.  The  homologous  series  of  fatty  acids  contains  members  with 
from  one  to  thirty  carbon  atoms. 

In  the  case  of  the  three  first  members,  as  in  that  of  the  primary 
alcohols  of  like  carbon  contents,  no  isomers  exist,  but  the  formula 
C4H7O.OH  corresponds  to  two  isomeric  adds,  which  are  obtained  by 
oxidation  of  the  two  primary  butylic  alcohols  (§  169).  With  increase 
in  the  carbon  contents  the  number  of  possible  isomers  increases  in 
rapid  progression. 

In  genei*al  the  number  of  possible  acids  of  any  given  carbon  con- 
tents is  the  same  as  that  of  the  primary  alcohols,  with  like  number  of 
carbon  atoms,  as  only  primary  alcohols  can  be  converted  into  adds 
by  oxidation  without  alteration  of  the  carbon  nudeus  : 

I  +  20  =  H2O  +     I 

CH2.OH  CO.OH 

Further,  as  the  number  of  primary  alcohols  of  equal  number  of 
carbon  atoms,  n,  is  as  great  }us  that  of  all — primary,  secondary,  and 
tertiary — alcohols  of  the  next  lowest  number  of  carbon  atoms,  n  —  1, 
the  number  of  possible  isomeric  adds  with  n  carbon  atoms  must  also 
be  the  same,  as  every  fatty  acid  is  the  compound  of  the  next  lowest 
alkyl,  Cn_iH2(n_i)  +  i  or  Cn^Han'+i,  if  n_i=n'>  ^^^  the  carhoxyl 
hydrate  group,  CO.OH. 

Above  Cig  many  members  entirely  lack  representatives;  the 
number  of  known  members  of  the  series  is,  however,  larger  than  in 
the  alcohols,  CnH2n+  i-OH. 

With  increasing  carbon  contents  the  solubility  of  the  fatty  adds 

rapidly  diminishes,  and  the  melting  and  boiling  points  rise,  with  the 

modifications  already  mentioned  (§§  54-57).     Acids  containing  more 

than  ten  carbon  atoms  in  the  nucleus  can  no  longer  be  volatilised 

22 
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tmchanged  nnder  ordinary  atmospheric  pi'essure,  but  suffer  dry  dis- 
tillation on  heating ;  under  reduced  pressure  the  limit  of  unaltered 
volatilisation  is  higher,  and,  though  not  yet  determined,  certainly 
above  a  nucleus  of  eighteen  carbon  atoms  (comp.  §  594). 

667.  The  following  is  a  table  of  the  general  composition  of  the 
known  members  of  the  series : — 

Formic  add  CHaOa     =  H.CO.OH        ^hydro-carbonic  acid) 

Acetic  acid  O2H4O2   =  CH3.CO.OH    ?methyl  carbonic  add) 

Propionic  add  CjHeOj   ^  CjHg.CO.OH  Methyl  carbonic  acid) 

Butyric  adds  O4H8O3   ^  OjH7.CO.OH  (propyl  carbonic  adds) 

Valeric  adds  O5H10O2  =  O4H9.CO.OH   (butyl  carbonic  adds) 

Oaproic  acids  OgHijO)  =s  C5H11.CO.OH  ^amyl  carbonic  acids) 

GSnanthyUc  adds  C7H14O2  ==  C5H13.CO.OH  (hexyl  carbonic  adds) 

Caprylic  adds  OgHigOa  =  C7H15.CO.OH  (heptyl  carbonic  adds) 

Pdaigonic  add  CgHigOj  =  C8H17.CO.OH  (octyl  carbonic  add) 

Capric  add  CioHjo02=  C9H19.CO.OH 

XJndecylic  add  CnHa202=  CjoHai-CCOH 

Laurie  add  Ci2H3402=  C11H23.CO.OH 

TridecyUc  add  Ci3H2602=  C12H2VCO.OH 

Myristic  acid  Ci4H2802=  C13H27.CO.OH 

PentadecyUc acid  C,6H3o02=  C,4H29.CO.OH 

Pahnitic  adds  C,6H3202=  C,5H3,.CO.OH 

Margaric  acid  Ci7H3402=  C1eH33.CO.OH 

Stearic  add  Ci8H3602=  C,  7H3VCO.OH 

Arachidic  add       C20H40O2  &o. 

Behenic  add  C22H44O2 


Hyaenic  acid         C2AHA0O2 
Cerotic  add  C27H54O2 

Mellissic  add        C3oHeo02 

Preparation  of  Faity  Acids, 

668.  The  fatty  acids  can  be  obtained  tmthout  essential  alteration 
of  the  carbon  nucleus  of  the  bodies  they  are  prepared  from,  and 
especially  without  alteration  of  the  number  of  carbon  atoms — 

1.  From  the  primary  alcohols,  CnH2n+i.0H,  their  ethers,  and 
other  oxy  compounds  of  the  alkyls,  by  oxidation  with  ozone  or  oxidis- 
ing agents  or  by  fused  potassic  hydrate  (§§  160,  1,  and  556). 

2.  Fi-om  the  aldehydes,  CnH2n0,  which  are  themselves  obtained 
from  the  primary  alcohols  by  less  active  oxidation : 

Cn'Hjn'  + 1  CaH2n  +  1 


Lo 


+  0=    0=0 

I 

OH 
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The  oxidising  agent  employed  for  the  alcohols  is  a  mixture  of 
potassic  bichromate*  and  sulphuric  acid,  the  reaction  generally  starting 
without  external  application  of  heat : 

3Cn.Fan'+  i.CHa.OH  +  2K2Cra07  +  8H2SO4  =  2K2Cra(S04)4 

+  llHjO  +  SCnHjii'+i-CO.OH 

3.  The  acido-nitriles  (§  546)  are  converted  into  the  free  fatty  acids 
by  heating  with  aqueous  hydrochloric  or  sulphuric  acids : 

CnH2„.+  i.CN  +  HCl  +  2H0H==  NH4CI  +  Cn'Hjn'+i^O.OH; 

and  on  boiling  with  solution  of  potassic  hydrate  they  yield  ammonia 
and  the  potassic  salt  of  the  fatty  acid  : 

Cn'Hj^,+i.CN  +  H2O  +  HOK  =NH3  +  CnHjn+i.CO.OK. 

• 

659.  The  fatty  acids  can  be  obtained,  with  increase  of  the  carbon 
nucleus,  by  several  methods  from  the  alcohols  of  next  lower  number 
of  carbon  atoms.     Of  these  methods  there  may  be  mentioned — 

1.  From  the  alcohols,  by  means  of  their  haloids  or  hydric  sul- 
phates, the  alkyl  cyanides  or  acido-nitriles  are  prepared,  and  these 
then  transformed  as  above. 

2.  Mixtures  of  sodium  alkyls  with  2anc  dialkyls  (§  371)  absorb 
dry  carbonic  anhydride,  which  unites  with  the  sodium  compound, 
forming  a  sodium  salt  of  the  alkyl  carbonic  acid : 

I        +  C02  =  I 

Na  CO.ONa 

3.  Alcoholic  solutions  of  potassic  alkylates  (§  197)  slowly  absorb 
dry  carbon  monoxide  gas  on  warming,  and  yield,  though  with  diffi- 
culty, the  potassic  salts  of  the  alkyl  carbonic  acids : 

CnH2n+  1  C/nH2n+  1 


i, 


+  00  = 

OO.OK 


A  better  result  is  obtained  by  the  use  of  dry  sodic  alkylate^  and 
higher  tempera tui-es  (190^-210°),  but  the  reaction  appears  to  be  con- 
fined to  the  lower  members  of  the  series,  taking  an  entirely  different 
course  with  sodic  isoamylate. 

4.  A  method  of  very  general  application  in  the  synthesis  of  fatty 
acids  starts  from  the  product  of  the  action  of  sodium  upon  ethylic 
acetate  (see  this).  The  ethylic  aceto-acetate,  separable  therefrom, 
dissolves  an  atom  of  sodium  with  evolution  of  hydrogen,  and  yields 
pure  ethylic  sodaceto-acetate,  CH3.CO.CHNa.CO.O.C2H5,  in  which, 
by  action  of  alkyl  haloids,  ^e  sodium  atom  can  be  replaced  by  an 
alkyl  group.     The  ethylic  alkyl  aceto-acetates : 


CH3.CO  1  CH.CO.O.C2H., 


so  obtained  (which,  by  boiling  with  alkalies,  yield  ketones  [§  43(>,  2]), 
on  heating  alone,  or  better  with  ethylic  sodaceto-acetate  or  sodic 
ethylate,    eliminate    OH^.OO     (of  which    several    groups    coalesce 
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to  fotm  oomplicated  molecules,  e^.  dehydraoetic  acid)  and  gire  the 
ethylic  salt  of  a  fatty  add  : 

5%^  \ CH.CX).O.C,H,  =  CaHjO  +  OnH^r+iCHj.CO.O.CjHj, 

from  whidi  the  syntheticallj  formed  fatty  add  is  obtained  on  saponi- 
ficatioii. 

Hie  ethylic  alkyl  aceto-aoetateB  can  farther  exchange  an  atom  of 
hydrogen  for  sodiom.    The  ethylic  alkyl  sodaceto-aoetates : 


C1^.CX)    1  cNa.CX).0.C,H5, 


thus  formed,  yield,  on  heating  with  alkyl  iodides,  sodic  iodide  and  an 
ethylic  dialkyl  aoeto-acetate : 

CHj.CX)    1 

(VHaa^+i  Vc.CO.O.CjHft  +  ICn-H^-+i  =  Nal 

OH3CO      1 
+  O^lSifg^^i   7  C.CO.O.C jHij, 

from  which,  by  similarly  conducted  elimination  of  the  groap  CgH^O, 
the  ethylic  salt  of  a  new  fatty  add  results,  which  contains  a  secondary 
alcohol  radical  united  with  OO.OH : 


CH3.CO     1 

^n'Hjn^^.!     >C. 
C'n"H2n''+l  J 


I     Cn'H2ii 


CO.OCjH^j  =  CaHjO 


'  +  »  \  CH.CO.O.CaH,. 


600.  Fatty  adds  are  obtained  with  splitting^  Le.  diminution  of 
the  carbon  nucleus  by  numerous  decompositions  of  carbon-richer  com- 
pounds. As  already  mentioned,  the  secondary  cUcohols  and  their 
first  oxidation  products,  the  ketones^  yield  by  the  action  of  powerful 
oxidising  agents  (chromic  and  sulphuric  adds  on  heating)  aiwayd  at 
least  two  molecules  of  add,  the  sum  of  whose  carbon  atoms  is  the 
same  as  the  number  of  carbon  atoms  in  the  parent  body  (§  437). 
Tertiary  alcohols  on  oxidation  are  generally  decomposed  into  three  or 
more  add  molecules. 

As  general  methods  there  may  be  mentioned  the  splitting  up  of 
the  adds  of  the  Uictie  series  by  heating  with  sulphuric  add  or  oxida- 
tion, or  that  of  the  acids  of  the  acrylic  series  by  fusion  with  potassic 
hydrate. 

561.  Very  important  methods  of  obtaining  fatty  acids  start  from 
their  naturally  occurring  alcoholic  salts,  espedally  from  the  vegetable 
and  animal  fats.  These,  on  heating  with  aqueous  or  alcoholic  solutions 
of  strong  basic  hydrates,  yield  the  respective  alcohols  together  with  a 
metaUic  salt  of  the  fieitty  add  : 

+  KO.CO.Cn'Hjn'^.  |. 

The  alkali  salts  of  monobasic  fiitty  adds  of  high  molecular  weight, 
which  dissolve  unchanged  in  alcohol  and  little  water,  but  are  partially 
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decomposed  by  mncli  water  into  free  alkali  and  fatty  acid  (which 
latter  caiisCvS  the  liquid  to  appear  turbid,  and  to  froth  strongly  on 
shaking),  are  termed  aoapSy  and  from  this  the  process  of  decomposi- 
tion of  all  alcoholic  salts  by  alkalies  has  been  termed  *  saponification,* 
The/ats  are  organic  salts  of  the  trihydric  alcohol  glycerine,  and 
yield  therefore,  on  saponification,  glycerine  and  three  molecules  of  the 
alkali  salt  of  an  organic  add  : 

CHa.O.CO.CnHan .  i  OHa.OH 

J,  I 

CH.0.C0.C„H2„+i   +3K0H=  CH.OH  +  3KO.CO.OnH2„+, 

CH2.0.CO.CnH2n  + 1  OHj.OH 

Fftt.  Glycerine.  Soap. 

Most  of  the  natural  fats  contain  the  glycerine  salts  of  several 
fatty  acids,  most  also  of  acids  of  the  oleic  series,  Ci|H2n_3P.OH, 
and  therefore  yield  on  saponification  a  mixture  of  potassic  salts,  from 
which  mineral  acids  set  free  a  mixture  of  acids.  The  s6pai*ation  of 
the  single  acids  is  in  such  cases  attended  with  extraordinary  difficul- 
ties, and  L8  partly  impossible  even. 

If  together  with  non-volatile  acids  of  high  molecular  weight 
also  adds  of  lower  molecular  weight,  which  can  be  volatilised  un- 
changed, occur,  the  two  groups  can  be  separated  by  distillation  with 
water  vapour.  The  distillate  then  contains  the  volatile  acids,  either 
dissolved  in  the  water  or  floating  as  an  oily  layer  on  its  surface.  In 
order  to  separate  them  further,  as  a  rule  they  are  converted  into  baric 
salts  by  boiling  with  solution  of  baric  hydi*ate,  and  these — utilising 
the  different  solubility  of  the  respective  salts — separated  from  one 
another  by  crystallisation,  each  one  being  purified  by  repeated  re- 
crystallisation. 

562.  If  only  two  volatile  acids  have  to  be  separated  from  one 
another,  this  can  be  effected  either  by  fi*actional  distillation,  or  the 
method  of  partial  saturation  with  following  distillation  may  be  used. 
One  half  of  the  acid  mixture  is  neutralised  with  alkali,  the  other  half 
then  added,  and  the  whole  aqueous  solution  submitted  to  distillation 
as  long  as  any  liquid  of  acid  reaction  passes  over.  The  distillate  then 
contains  mainly  the  acid  of  lower  boiling  point,  with  a  small  quantity 
of  the  less  volatile  acid,  the  residue  mainly  of  a  salt  of  the  latter.  By 
renewed  partial  saturation  and  distillation,  and  if  needful  frequent 
repetition  of  the  process  on  the  distillate,  the  non- volatile  add  is  at 
last  obtained  alone  in  aqueous  solution,  but  evidentiy  with  great 
loss  in  the  process.  From  the  residue  of  the  first  distillation,  con- 
taining a  little  of  the  salt  of  the  more  volatile  and  much  of  the  salt 
of  the  less  volatile  acid,  the  latter  is  obtained  pure  by  decomposing 
the  salts  with  sulphuric  acid,  distilling,  half  saturating  the  distillate, 
and  again  distilling.  The  residual  salt  is  again  subjected  to  a  similar 
process,  until  at  last  the  less  volatile  acid  salt  is  left  in  a  state  of 
purity. 

663.  From  mixtiu^es  of  non- volatile  acids  the  admixed  members 
of  the  oleic  series  must  first  be  removed.  This  is  effected  by  pre- 
cipitating the  solution  of  the  alkali  salts  by  plumbic  acetate,  and  so 
converting  them  into  the  insoluble  lead  salts  (lead  plaster);  this 
latter  is  then  dried  and  extracted  with  ether  as  long  as  any  lead  salta 
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of  oleic  acids  are  removed.  By  evaporaiang  the  ether  from  this 
solution  the  lead  salts  of  the  oleic  acids  are  obtainedy  from  which  the 
latter  can  be  separated. 

The  portion  insoluble  in  ether  consists  of  the  lead  salts  of  the 
acids  of  the  fatty  series  rich  in  carbon,  which  can  be  liberated  by 
decomposition  with  mineral  acids,  especially  hydrochloric  acid. 

The  preparation  of  the  pure  acids  is  attended  with  great  difScul- 
ties  and  loss,  as  with  not  too  great  difference  in  composition  there  is 
but  little  difference  in  properties.  If  the  mixture  contains  but  two 
members  of  the  series  (e.g.  palmitic  and  stearic  acids),  the  partial 
separation  succeeds  only  by  the  method  of  partial  precipitation.  The 
mixture  is  dissolved  in  alcohol,  and  alcoholic  solution  of  magnesic 
acetate  added  with  constant  stirring  in  such  quantity  that  only  about 
one-seventh  of  the  fieitty  acids  shall  be  precipitated  as  magnesic  salt, 
and  the  precipitate  a  then  separated  from  the  solution  b  of  the 
greatest  part  of  the  acid  mixture  by  filtration,  a  consists  mainly 
of  the  magnesic  salt  of  the  acid  richer  in  carbon  (stearic  acid),  but  is 
still  contaminated  by  the  acid  poorer  in  carbon.  It  is  therefore 
decomposed  by  hydrochloric  acid,  the  free  fatty  acid  dissolved  again 
in  alcohol,  and  one-seventh  precipitated  by  magnesic  acetate.  This 
precipitate,  which  contains  only  ^  of  the  quantity  of  the  original 
mixture  of  acids,  consists  nearly  entirely  of  the  salt  of  the  acid  richer 
in  carbon,  but  as  a  rule  requires  further  treatment  in  a  similar 
manner,  in  oi'der  to  obtain  it  in  a  state  of  chemical  purity.  This 
point  is  settled  by  means  of  the  melting  point. 

The  filtrate  b  from  the  first  precipitation  is  now  partly  precipi- 
tated by  slow  addition  of  magnesic  acetate,  whereby  the  later  precipi- 
tates, and  still  more  the  solution,  become  richer  and  richer  in  the 
acid,  poorer  in  carbon  (palmitic  acid),  until  at  last — ^the  successive 
additions  of  magnesic  salt  being  always  smaller— a  solutionis  obtained 
which  contains  the  latter  acid  only. 

664.  That  the  fatty  acids  can  be  converted  into  members  of  the 
foregoing  series  has  been  already  mentioned  at  the  respective  places; 
it  will  therefore  suffice  to  merely  recapitulate. 

Conversion  of  fatty  adds  into  paraffins — 

1.  Without  increase  and  with  diminution  of  the  carbon  nucleus 

(§  149). 

2.  With  formation  of  larger  carbon  nuclei  by  electrolysis  of  the 

fatty  alkaline  salts  (§  150). 

Conversion  into  aldehydes  (§  386),  and  through  these  into  the  cor- 
responding primary  alcohols  (§  388). 

Conversion  into  ketones  richer  in  carbon  by  dry  distillation  of  the 
salts  (§  435),  and  through  the  ketones  into  secondary  alcohols  (§  434). 

Conversion  into  tertiary  alcohols  by  means  of  the  acid  chlorides 
(§163). 

666.  By  oxidation  of  acids  richer  in  carbon,  by  distillation  with 
manganic  dioxide  and  sulphuric  acid,  there  are  formed,  together  with 
carbonic  anhydride  and  water,  salts  of  the  unchanged  acids  with 
alcohols  of  less  carbon  contents.  Buiyric  acid,  for  instance,  yields 
propylic  butyrate : 

CH,.CHj.CH,.CO.OH  +  HO.CO.CHa.CH2.CH3  +  O 

=  CH,.CH8.CHj.C0.0.CHa.GHj.CH,  +  CO,  +  OHj. 
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566.  If  pure  fatty  ax^ids,  soluble  in  water,  be  brought  into  contact 
with  water,  there  oocurs — frequently  with  considerable  evolution  of 
heat — a  diminution  of  the  total  volume,  which  appears  to  be  greatest 
when  one  molecule  of  acid  is  mixed  with  one  molecule  of  water.  The 
product  thereby  formed  is  the  acidyl  trihydrate : 

:0  /^^ 

Cn'H2ii'  +  i'C'  i-wTT  4"  HjO  —  CJn'H2n'+iO<  OH 

corresponding  to  the  acidyl  ethers  (§  544).  These  compounds,,  simi- 
larly to  the  dihydrates  of  the  aldehyde  radicals  (§  383),  are  but  little 
stable,  and  on  distillation  partly  decompose  into  their  components. 
If  brought  together  with  bases  they  yield  the  salts  of  the  monobasic 
fatty  acids  : 

Cn'H2„,+  i.C(OH)3  +  KOH  =  Cn'Han'+i-CO.OK  +  2HjO, 

which  generally  ai*e  left  anhydrous  on  drying  at  100**. 

The  anhydrous  fatty  acids  are  attacked  by  chlorine  and  bromine, 
especially  on  heating  and  exposure  to  sunlight,  with  formation  of  halo- 
gen substitution  acids.  The  first  replacement  by  a  halogen  atom 
occurs  in  general  in  the  a  position,  i.e.  on  that  carbon  atom  which  is 
united  to  carboxyl  hydrate  : 

CH3.CH2.CO.OH  +  CI2  =  HCl  +  CH3.OHCI.CO.OH 

a-Chlor-propionic  acid. 

CH3.CH2.CH8.CO.OH  +  Bra  =  HBr  +  OH3.OHa.CHBr.CO.OH 

a-Brom-butyric  acid. 

(CH3)2.CH.CO.OH  +  Br,  =  HBr  +  (OHa)^ :  CBr.CO.OH 

a-Brom-isobatyric  acid. 

In  these  substitution  bodies,  by  boiling  with  alkalies,  the  halogen 
atom  can  be  replaced  by  hydroxyl,  so  yielding  the  a-oxyacids  of  the 
lactic  series. 

Formic  Acid,  CH^Oa. 

667.  Formic  acid,  formoxyl  hydrate,  HCO.OH,  occurs  ready- 
formed  in  ants,  stinging  nettles,  pine  needles,  <fec.,  from  which  it  can  be 
separated  by  distillation  with  water.  Although  it  is  the  first  member 
of  the  series  of  fatty  acids,  it  differs  in  one  essential  from  all  others, 
inasmuch  as  in  it  the  carboxyl-hydrate  group  is  united  not  with  an 
alcohol  radical,  but  with  hydrogen.     As  hydro-carbonic  acid,  or  com- 

H 


pound  of  the  aldehyde  group,  0=0,  with  hydroxyl : 

H 

Lo 

in 

it  is  the  half-aldehyde  of  carbonic  acid,  and  is  converted  into  the  latter 
by  the  action  of  oxidising  agents  : 

H.CO.OH  +  O  =  HO.OO.OH  =  H^O  +  CO,. 
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In  agreement  with  this  view  it  can  be  prepared  from  carbonib 
anhydride  by  the  action  of  nascent  hydrogen  in  the  presence  of  alkaline 
hydrates.  Potassium  is  placed  in  a  dry  basin  floating  on  luke-wann 
water,  covered  with  a  bell  filled  with  carbonic  anhydride,  and  left  to 
itself  for  24  hoars,  when  the  metal  is  fonnd  to  be  converted  into  a 
mixture  of  potassic  carbonate  : 

K,  +  OO2  +  HjO  =  K2CO,  +  2H, 

and  potassio  formate : 

Kj  +  2C0j  +  2H  =r  2H.C0.0K. 

Some  formate  is  also  formed  in  a  similar  reaction  in  the  decomposition 
of  sodium  amalgam  by  a  concentrated  aqueous  solution  of  ammonio 
carbonate : 

C0(0NH4)j  +  2Na  =  H.CO.ONa  +  NaOH  +  2NH„ 

and  by  boiling  a  mixture  of  powdered  zinc  and  zincic  carbonate  with 
solution  of  potassic  hydrate  : 

ZnCOa  +  Zn  +  5K0H  =  2Zn(0K)a  +  HCO.OK  +  2HaO. 

Oarbonic  oxide  is  slowly  absorbed  at  100^  by  the  most  concentrated 
solution  of  potassic  hydrate,  with  formation  of  potassic  formate  : 

CO  +  HOK  =  HCO.OK. 

It  is  formed  from  hydrocyanic  acid,  formo-nitrile^  by  decomposition 
with  water,  usually  assisted  by  the  presence  of  mineral  acids  (§  76) 
or  alkalies  (§  79),  and  from  methylic  alcohol  by  ozone  or  heated  soda 
lime  (§  165). 

The  formyl  trihaloids  (chloroform,  <kc.)  and  formyl  triethylate 
yield  foimate  on  heating  with  alcoholic  potassic  hydrate  (§§  538 
and  544). 

Formic  acid  is  of  frequent  occurrence  as  an  oxidation  product  of 
other  organic  bodies  of  higher  molecular  weight,  as  ketones  containing 
methyl,  many  acids  of  the  lactic  series,  malic,  tartaric,  and  citric  acids, 
the  sugars  and  their  congeners.  Formerly  it  was  generally  prepared 
by  the  distillation  of  sugar  or  starch  with  sulphuric  acid  and  manganic 
dioxide  or  potassic  chromate. 

It  is  now  usually  prepared  from  oxalic  acid.  This  on  heating 
alone  yields  some  formic  acid  : 

CO.OH  H 

I  =00,+   I 

CO.OH  CO.OH 

A  very  good  yield  is  obtained  when  crystallised  oxalic  acid  is  added  to 
glycerine,  rendered  as  free  as  possible  from  water,  and  heated  to 
100°-110®.  Evolution  of  carbonic  anhydride  commences,  and  at  the 
same  time  very  dilute  formic  acid  distils.  The  greater  part  reacts 
with  the  glycerine,  forming  monoformin,  or  glycerine  monoformate : 

03H5(OH)3  +  [C,0a(0H)^2H,0]  =  C3H,(OH)2(O.CHO)  +  COj 

+  3HjO. 

As  soon  as  the  evolution  of  oarbonic  anhydride  ceases,  and  without 
alteration  of  the  temperature,  a  new  quantity  of  oxalic  acid  is  added, 
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whose  water  of  crystallisation  is  partly  evolved  and  partly  resolves 
the  monoformin  into  glycerine  and  formic  acid  : 

C3Hfi(OH)2(O.CIiO)  +  H2O  =  C3H6(OH)3  +  HO.CHO. 

The  dried  oxalic  acid  converts  anew  unaltered  glycerine  into  the  mono- 
formate  until  the  liquid  becomes  rich  in  this  latter ;  the  formation 
exceeds  the  decomposition,  but  the  amount  of  the  latter  continually 
increases,  so  that  formic  acid  of  increasing  concentration  distils  over. 
At  last,  with  continued  addition  of  crystallised  oxalic  acid,  the  forma- 
tion and  decomposition  of  the  monoformin  reach  an  equal  amount^ 
and  a  distillate  passes  over  containing  56  %  of  formic  acid  and  44  % 
of  water. 

By  careful  heating  of  glycerine  with  anhydrous  oxalic  acid,  a 
solution  of  formic  acid  of  70  %  may  be  obtained  (fqrmyl  trihydrate). 

All  the  methods  described,  as  also  distillation  of  formates  with 
dilute  sulphuric  acid,  yield  aqueous  formic  acid.  In  order  to  obtain  it 
anhydrous,  the  dry  lead  salt  is  decomposed  by  dry  sulphuretted  hy- 
drogen at  a  temperature  not  exceeding  100°,  when  anhydrous  formio 
acid  distils : 

Pb(0.CH0)2  +  HaS  =  PbS  +  2H0.CH0, 

which  is  freed  from  any  absorbed  sulphiu^tted  hydrogen  by  repeated 
rectification  over  plumbic  formate.  A  70  %  formic  add  solution  can 
also  be  deprived  of  its  water  by  addition  of  dried  oxalic  add,  with 
gentle  heating.  On  cooling,  crystallised  oxalic  add  separatee,  and  the 
decanted  liquid  yields  anhydrous  formic  add  on  distillation. 

568.  Pure  formic  acid  is  a  colourless,  mobile  liquid,  which  solidi- 
fies to  a  crystalline  mass  below  0°,  melts  at  8*5°,  and  boils  at  99°.  Its 
sp.  gr.  is  1'233.  It  has  a  penetrating  add  odour,  and  raises  blisters  on 
the  skin.  It  unites  with  a  molecule  of  water  (71*9  pts.  OHj.Oj  and 
28*  1  H2O)  to  form  formyl  trihydrate  : 

HCO.OH  +  HjO  =  HC(0H)8, 

a  liquid  which  does  not  solidify  at  —15°  and  which  boils  at  106°. 

Concentrated  sulphuric  acid  decomposes  formic  add,  with  brisk 
evolution  of  carbonic  oxide  : 

H.CO.OH  +  H2SO4  =  CO  +  H4SO5. 

Chlorine  and  oxidising  agents  decompose  it  with  formation  of  car- 
bonic anhydride  : 

H.CO.OH  +  CI2  =  OO2  +  2H01 

H.CO.OH  -f  O    =  COa  -f  F2O. 

The  oxides  of  the  noble  metals  are  thereby  reduced  to  metal : 

■CH202  +  HgO  =C02-fHaO  +  Hg 
CH2O2  +  AgaO  =  CO2  -f  H2O  +  Aga. 

669.  Formates  are  all  soluble  in  water,  and  generally  crystallise 
well.  They  are  obtained  by  the  solution  of  metallic  oxides,  hydrates, 
or  carbonates  in  aqueous  formic  acid. 

Ammonic  formate,  (NH4)0.CH0,  crystallises  in  veiy  readily 
soluble  rectangular  prisms.  On  heating  to  180°  it  decomposes  into 
water  and  hydrocyanic  acid  (comp.  §  76)  : 

H.OO.O.NH4  =  2HaO  -f  HON. 


l-l* 
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Plumhic/orTncUe,  Pb(O.CHO)a,  forms  characteristic  long,  brilliant 
needles,  rather  difficultly  sol  able. 

Cupric  formate^  Cu(O.CHO)2,4B[20,  forms  large  blue,  trans- 
parent crystals. 

On  shaking  aqueous  formic  acid  with  mercuric  oxide,  the  latter 
dissolves  in  large  quantity  to  mercuric  formate.  The  clear  solution 
now  begins  to  cloud,  more  quickly  on  warming,  evolves  carbonic 
anhydride,  and  deposits  difficultly  soluble,  silky  crystals  of  the  mer- 
curous  salt : 

.O.CHO  Hg.O.CHO 

2Hg<  =  COa  +  HO.CHO  f    | 

X).OHO  Hg.O.CHO 

Mercurous  formate. 

which  soon  farther  decompose  into  formic  acid,  carbonic  anhydride, 
and  meroxaj : 

Hg.O.CHO 

=  Hg2  4-  HO.CHO  4-  CO2. 
[g.O.CHO 

If  argentic  nitrate  be  mixed  with  a  not  too  dilute  solution  of  an 
alkaline  formate,  white  crystals  of  argentic  formate  precipitate,  which 
very  soon  blacken  and  decompose  : 

2AgO.CHO  =  Aga  +  HO.CHO  +  CO,. 

Acetic  Acidf  C2H4O2. 

670.  Acetic  ausid,  acetyl  hydrate^  HO.C2H3O,  or  methyUoarhonic 
acidf  CH|.CO.OH,  is  the  oldest  known  acid.  It  occurs  frequently  in 
small  quantities,  in  form  of  salts,  in  vegetable  and  animal  fluids,  and 
is  obtained  in  the  decay  of  many  organic  bodies.  It  occurs  largely  as 
an  oxidation  product  of  organic  bodies,  whether  the  oxidation  be 
effected  in  the  wet  way  (e.g.  from  lactic  acid)  or  by  fusion  with  alka- 
line hydrates  (e,g,  malic  acid).  It  is  also  formed  by  the  dry  distillation 
of  complicated  compounds,  such  as  wood,  starch,  &c. 

Sodium  methyl  is  converted  by  absorption  of  carbonic  anhydride 
into  sodic  acetate : 

CHj.Na  +  CO2  =  CH3.CO.ONa. 

Aceto-nitrile,  or  methylic  cyanide,  yields  the  same  salt  on  boiling 
with  sodic  hydrate  solution  : 

CH3.CN  +  H2O  +  HONa  =  CH3.CO.ONa  +  NH3, 

or  free  acetic  acid  when  heated  with  hydrochloric  acid  : 

CH3.CN  +  2H2O  +  HCl  =  NH4CI  +  CH3.CO.OH. 

Technically,  acetic  acid  is  prepared  from  ethylic  alcohol,  or  from 
the  products  of  the  dry  distillation  of  wood. 

Dilute  alcoholic  liquids,  especially  such  as  contain  other  animal  or 
vegetable  bodies  capable  of  decomposition,  and  mineral  salts  (beer, 
light  wines),  as  also  impure  sugar  solutions  (juice  of  fruits,  wort, 
honey-water),  become  acid  on  standing  in  the  air,  especially  at  tem- 
peratures between  20°  and  40°,  acetic  acid  being  formed  (vinegar). 
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Tlie  canse  of  this  change  is  always  an  orgamaed  feiinent,  which 
has  the  power  of  absorbing  the  atmospheric  osygen  and  earrjiag  it  to 
oxidised  bodies.  Aa  thtA  ferment  ia  contained  in  lat^e  qiiantity  in 
crude  vinegar,  some  of  this  is  always  added  to  the  alcoholic  or  aachAT- 
rine  liquid,  in  order  to  start  the  fermentation  more  quickly. 

Platinum  black  a«ts  eimilarly  to  this  organised  ferment,  and  in 
presence  of  air  coaverta  concentrated  alcohol  into  pretty  concentmted 
acetic  acid,  heat  being  evolved. 

fi71.  Aqueous  acetic  acid  is  generally  prepared  on  the  Urge  soale 
by  the  process  known  as  '  quick  vin^{ar  process.' 


The  vessels  employed,  tenniil  •  gradimtors '  (fig.  23),  are  made  of 
oak,  and  are  provided  with  fulse  perforated  discs,  one  near  the  bottom 
of  the  vessel  and  ugain  niuir  the  top.  The  fi|)ace  between  these  is 
filled  with  shavings,  whilst  the  perforations  in  the  upjier  disc  are  loosely 
filled  with  pieces  of  string.  The  shavings  are  first  moistened  with 
vinegar,  in  order  to  sow  the  ferment ;  there  is  then  punred  on  tiie 
upper  disc  a  dilute  brandy  (of  10-12  %  alcohol),  which  slowly  passes 
through  the  capillnriea  of  the  strings  on  to  the  shavings,  and  flowing 
over  these  exposes  a  very  considerable  surfaoe  to  the  air.  Care  muat 
then  be  taken  that  a  stream  of  air  sufficient  for  the  oxidation  of  the 
alcohol  shall  pass  through  the  interior  of  the  vessel.  This  is  afieoted 
by  holes  a  in  the  sides  of  the  vessel,  whilst  the  warm  reudual  air 
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(nitrogen)  escapes  through  the  upper  openings  d  and  e.  Dilute 
vinegar  collects  at  the  bottom  of  the  flask,  and  is  drawn  off  by  a  tap. 
The  product  contains,  as  a  rule,  unaltered  alcohol,  for  whose  complete 
ocmversion  the  liquid  is  passed  once  or  twice  more  through  the  i^ 
paratuB. 

The  regulation  of  the  amount  of  air  is  of  great  importance.  If 
there  be  not  enough,  much  aldehyde  volatilises,  whilst,  if  the  air 
stream  be  too  quick,  the  temperature  in  the  interior  of  the  apparatus 
nerer  reaches  iJie  necessary  height. 

A  large  portion  of  the  acetic  acid  employed  for  industrial  purposes 
is  obtained  from  the  aqueous  products  of  the  distillation  of  wood 
(oomp.  §  165).  From  this,  by  saturation  with  lime,  calcic  acetate  is 
prepared,  which  remains  behind  in  solution  on  the  distillation  of  the 
methyl-alcohol,  acetone,  &c.  The  cleared  liquid  is  mixed  with  so 
much  solution  of  sodic  sulphate  as  is  necessary  for  the  precipitation 
of  the  calcium  as  sulphate.  The  clear  solution  of  sodic  acetate  is  then 
evaporated,  and  the  dry  salt  heated  for  a  long  time  to  250°.  Other 
products  of  dry  distillation  still  admixed  are  thus  either  volatilised  or 
carbonised.  The  salt,  after  cooling,  is  then  dissolved  in  water,  and 
the  dear  solution  distilled  with  slight  excess  of  sulphuric  acid. 

By  both  of  these  methods  aqueous  acetic  acid  is  obtained,  which 
can  only  be  concentrated  to  a  certain  degree  by  fractional  distillation. 

672.  In  order  to  prepare  acetic  acid  free  from  water,  dried  acetates 
have  to  be  employed. 

Alkaline  acetates,  freed  from  their  water  of  crystallisation  by  fusion, 
are  mixed  with  exactly  sufficient  sulphuric  acid,  or  better  with  fused 
hydric  sodic  sulphate,  and  distilled : 

20Ha.C0.0Na  +  H,S04  =  2CH,.0O.0H  +  Na^SO^ 
OH,.CO.ONa  +  NaHS04  =  CH,.CO.OH  +  NaaS04. 

The  anhydrous  lead  salt  also  yields  anhydrous  acetic  acid  when 
treated  by  the  last  method. 

673.  Anhydrous  acetic  add,  glacial  acetic  acid^  is  in  the  cold  a 
white  mass  of  leafy  crystals,  which  at  +17°  melts  to  a  colourless, 
mobile  liquid,  having  a  strong  acid  smell  and  taste,  and  which  blisters 
the  skin.  Its  sp.  gr.  is  1*063  at  18%  its  boiling  point  118^,  and  its 
vapour  dendty  2*09. 

On  adding  some  water  to  acetic  acid,  heat  is  evolved,  and  the 
specific  gravity  is  increased,  until  by  addition  of  one  molecule  of  H3O 
it  reaches  the  mftTiTnuTn  1*079.  There  is  thus  formed  acetyl  trihy- 
drate  * 

CH3.OO.OH  +  HjO  =  CH3.C(OH)3, 

as  a  liquid  which  does  not  crystallise,  and  on  heating  to  123°  boUs 
with  pextial  dissociation  into  its  components.  If  this  be  diluted  with 
water  the  density  diminishes,  so  that  an  acid  which  contains  about 
60  %  HjO  and  50  %  CjHaOj  (or  65  %  OH3.C(OH)3  and  35  %  HjO) 
has  the  same  density  as  the  anhydrous  add. 

Pure  acetic  add,  and  also  its  aqueous  solution,  are  very  stable 
towards  oxidising  agents,  being  only  attacked  with  difficulty  by  even 
potassic  permanganate.  Its  vapour,  when  heated  in  air,  bums  with  a 
slightly  luminous  flame.    When  passed  through  red-hot  tubes,  the 
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vapour  decomposes  into  numerous  products,  amongst  which  acetone 
and  marsh  gas  occur  largely  : 

CH3.CO.OH  =  COj  +  CH4 

2CH3.CO.OH  =  CO2  +  OHj  +  CH3.CO.OH3. 

674.  Acetates, — The  neutral  metallic  salts  of  acetic  acid,  which  are 
readily  obtained  by  saturation  of  acetic  acid  with  the  basic  hydrates^ 
oxides,  or  carbonates,  are  without  exception  soluble  in  water,  though 
not  yery  readily  in  some  cases ;  the  alkaline  salts  are  the  most  soluble. 
These  melt  on  heating  and  decompose  at  above  300^  into  acetone  and 
an  alkaline  carbonate : 

2CH3.CO.OK  =  CO(OK)a  +  0H,.C0.CH3. 

The  salts  of  polyvalent  heavy  metals  decompose  ac  lower  tem- 
peratures, and,  especially  if  not  quite  free  from  water  of  crystallisation, 
give  off  glacial  acetic  acid,  and  leave  a  difficultly  soluble  or  insoluble 
basic  salt,  which  decomposes  at  higher  temperatures  into  metallic 
oxide,  carbonic  anhydride,  and  acetone. 

675.  Potaasic  acetate,  C2H3KO3  =  'CH3.CO.OK,  is  a  white  de- 
liquescent salt,  which  is  readily  soluble  in  absolute  alcohol,  and  on 
heating  fuses  to  a  thick  liquid,  which  solidifies  on  cooling  to  a  leafy 
crystalline  mass.  On  dissolving  in  concentrated  acetic  acid,  and  eva- 
poiating  the  excess,  there  crystallises  out  a  salt,  C2H302K,C2H402, 
in  nacreous  leaves  or  needles,  which  melt  at  148°  and  at  200®  split 
up  into  glacial  acetic  acid,  which  distils,  and  normal  potassic  acetate. 
This  potasaic  diacetate  is  probably  constituted  as  in  the  following 
formula,  similarly  to  the  polymeric  aldehydes  (§  385)  : 

CH3.C=:0      OzziC.CHa       0H3.C<9>0.0H3 

i        +         J.  =  II 

OK  OH  OK      OH 

Sodic  acetate,  C2H3Na02,  crystallises  from  aqueous  solutions  in 
large  rhombic  prisms,  C2H3Na02,3H20,  which  dissolve  in  2'8  parts  of 
cold  and  more  readily  in  hot  water.  They  suffer  aqueous  fusion  at 
100°,  and  lose  their  water  of  crystallisation  at  somewhat  higher  tem- 
perature. The  dry  salt  fuses  and  behaves  quite  similarly  to  the 
potassic  salt. 

Ammonic  acetate,  C2H3(NH4)02,  is  prepared  directly  from  glacial 
acetic  acid  and  ammonia.  It  resembles  the  potassic  salt,  but  decom- 
poses on  heating  into  water  and  acetamide.  Its  solution  loses 
ammonia  on  heating  and  becomes  acid. 

The  salts  of  barium,  strontium,  calcium,  magnesium,  zinc,  &c,  are 
soluble,  and  in  part  crystallise  well. 

676.  Lead  Salts, — Normal  plumbic  acetate,  plumhic  diacetate^ 
(CH3.CO.O)2Pb,3H20,  known  in  commerce  as  stigar  of  lead,  is 
obtained  by  dissolving  litharge  (PbO)  in  distilled  vinegar,  and 
crystallises  in  tetragonal  prisms  of  first  sweet,  but  later  nauseous 
metallic  taste.  It  dissolves  in  1^  part  of  water  and  eight  parts  of 
alcohol.  The  crystals  effloi-esce  in  dry  air.  They  fuse  in  their  water 
of  crystallisation  at  75°  and  lose  the  same  quickly  at  100°.  The  then 
solid  mass  fuses  again  at  higher  temperatures,  loses  ^  of  its  acid  in 
the  form  of  carbonic  anhydride  and  acetone,  and  solidmes  suddenly  to 
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a  gre3dsh  white  mass  of  basic  salt,  which  decomposes  at  higher  tem- 
peratures into  plumbic  oxide,  carbonic  anhydride,  and  acetone. 

Basic  salts  are  also  prepared  by  digesting  plumbic  diaoetate  with 
plumbic  oxide. 

Fktmbic  monaoetaie  : 

2HO.Pb.0.02H30,HaO,  or  CjH30.0.Pb.O.Pb.O.CjH80,2HjO, 

is  formed  by  boiling  a  solution  of  1  part  of  sugar  of  lead  with  6  parts 
of  plumbic  oxide,  and  separates  in  orystak  on  addition  of  alcohol  to 
the  filtered  solution. 

If  a  solution  of  plumbic  diaoetate  be  boiled  with  excess  of  plumfaio 
oxide,  triphmUne  ctoeUUe  is  formed  : 

p^.O.OjHaO  .  opi^  _  pi,.O.Pb.O.CjH,0 
^^0.0,H,0  +  ^^^  -  ^^O.Pb.O.CaH,0 

as  a  salt  readily  soluble  in  water,  of  strongly  alkaline  reaction,  which 
on  addition  of  alcohol  is  precipitated  in  fine  transparent  needles. 

Still  more  basic  salts  are  obtained  as  white  precipitates  when 
plumbic  acetate  is  decomposed  by  a  large  excess  of  ammoma,  e.g. 
hexplumbic  aoetctte : 

HO.Pb.O.Pb.O.Pb.O.CaH30,HaO. 

All  the  basic  acetates  are  decomposed  by  carbonic  anhydride  into 
basic  carbonate  (white  lead)  and  normal  salt,  and  this  latter  also  in 
dilute  aqueous  solution  is  partly  decomposed  by  carbonic  anhydride 
into  carbonate  and  free  acetic  acid. 

677.  Copper  Salta, — In  addition  to  the  normal  salt  numerous  basic 
salts  are  known. 

Cupric  diacetaie,  termed  distilled  verdigris,  obtained  by  dissolving 
cupric  oxide  in  acetic  acid,  crystallises  below  +  8°  in  laige  blue  prisms 
of  the  formula  Cu(O.OO.CH3)2,5H20,  above  this  temperature  in  dark 
green  rhombic  prisms,  Cu(O.C2H30)2,H20.  It  is  moderately  soluble 
in  water ;  the  dilute  aqueous  solution  partly  decomposes  even  in  the 
cold,  but  more  readily  on  boiling,  into  free  acetic  acid  and  difficultly 
soluble  basic  salt.  Ordinary  verdigris  is  a  mixture  of  different  basic 
salts.  It  is  prepared  on  the  large  scale  by  exposing  plates  of  copper 
to  the  air  for  some  time  in  contact  with  acetic  acid  or  the  marc  of 
grapes. 

On  heating  a  mixture  of  equal  molecules  of  cupric  diaoetate 
and  lime  with  water,  and  then  adding  acetic  acid  until  all  is  dis- 
solved, there  separates  on  evaporation  a  double  salt  of  the  formula 
Ca(O.C2H30)2,Cu(O.C2H30)2,8H20  in  deep  blue  octagonal  prisms  of 
the  quadratic  system. 

By  TTiiTiTig  boiling  solutions  of  cupric  diaoetate  and  arsenious  acid 
a  precipitate  is  formed  which,  after  remaining  some  time  under  the 
liquid,  changes  into  a  beautiful  green  powder  of  ScJitoeinfurth  green. 
This  is  a  cupric  arseno-aoetate  of  the  formula  Gu2(O.AsO)3(C2H302). 

678.  Argentic  acetate,  Ag.O.C2H30,  is  obtained  on  mixing  argentic ' 
nitrate  with  a  strong  solution  of  an  alkaline  acetate,  as  a  spongy  crys- 
talline precipitate,  which  dissolves  to  a  greater  extent  in  hot  water 
and  separates  again  on  cooling   in  colourless  nacreous  plates  and 
flexible  needles. 

679.  Iran  Salts. — Ferrous  diaoetate,  Fe(C2H,02)2,  prepared  by 
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dissolving  iron  in  acetic  acid,  aystallises  in  green  prisms,  which  dis- 
solve readily  and  are  quickly  oxidised  in  air.  Several  ferric  salts 
are  known.  By  dissolving  freshly  precipitated  ferric  hydrate  in  acetic 
add,  a  deep  brown  red  solution  of  normal  Jerric  dcetate  : 

Fe2(O.C2H30)e, 

is  obtained,  which — evaporated  at  a  low  temperature — yields  a  black- 
brown  syrup,  also  soluble  in  alcohol.  On  boiling  the  dilute  aqueous 
solution  all  the  iron  is  precipitated  in  the  form  of  an  amorphous  basic 
salt,  whilst  acetic  acid  is  set  free. 

680.  Alumi7iium  Salts. — ^orrruil  aluminic  acetctte,  Al2(O.C2H30)g, 
is  obtained  in  aqueous  solution  by  double  decomposition  of  aluminic 
sulphate  and  plumbic  acetate.  It  behaves  similarly  to  the  solution  of 
the  corresponding  ferric  salt,  e.g.  on  boiling  precipitates  all  its  alumi- 
nium  aa  a  strongly  basic  amorphous  salt. 

Propionic  Acid,  G^JLfi^' 

681.  Propionyl  hydrate,  HO.C3H5O,  or  ethyl  carbonic  acid^ 
HO.CO.C2H5  =  HO.CO.CH2.CH3.  Propionic  add  was  first  ob- 
tained by  oxidation  of  metacetone  with  chromic  and  sulphuric  adds, 
and  was  therefore  termed  nietacetonic  acid.  It  is  formed  in  small 
quantity  in  the  dry  distillation  of  wood,  in  the  decomposition  of  sugar 
with  concentrated  potassic  hydrate,  the  action  of  carbonic  oxide 
upon  sodic  ethylate : 

CO  +  NaOCaHj  =  NaO.CO.O2H5, 

kc,  A  better  yield  is  obtained  from  carbonic  anhydride  and  sodium 
ethyl : 

CO2  +  Na.C2H5  =  NaO.CO.C2H5, 

but  it  is  most  conveniently  prepared  by  decomposition  of  aceto-nitrile 
by  alkalies  or  strong  acids  in  concentrated  aqueous  solutions  : 

CaHfi.CN  +  H2SO4  +  2H2O  =  NH4.HSO4  +  C2H5.CO.OH. 

It  is  further  obtained  by  reduction  of  fermentation  lactic  acid  by 
heating  with  concentrated  hydriodic  acid  : 


CH, 

CFOH  +  2HI  = 

CO.OH 

la 

+  HjO 

CH, 
+  0H, 
CO.OH 

also  from  aceto-methacetic  add  (§  559,  4). 

Other  methods  of  formation,  as  from  /3-iodo-propionic  add,  <fec., 
will  be  mentioned  later. 

Propionic  add  is  a  liquid  resembling  acetic  add,  of  sp.  gr.  *991  at 
25°  and  boiling  at  140*5*^.  It  mixes  in  every  proportion  with  water, 
but  is  separated  as  an  oily  layer  on  saturating  the  solution  with  caldc 
chloride. 

The  normal  propionates  are  all  soluble  in  water,  in  part  even 
more  readily  than  the  corresponding  acetates.  The  baric  salt, 
£a(O.C3H50)2,H20,  crystallises  in  rhombic  prisms.     Normal  plum- 

A  A 
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bic  propionate  does  not  crystallise^  or  only  with  the  greatest  difficulty ; 
the  silver  salt,  AgO.CO.G2H5,  crystallises  from  saturate  solutions  in 
tofts  of  colourless  needles,  which  require  120  times  their  weight  of 
water  at  18^  for  solution  and  blacken  at  100^. 

Butyric  Acids,  C4Hg02. 
682.  Both  possible  isomers  : 

OH3 

^<^ 

IH 


I  and  CH 

6H2  T 

I  CO.OH 

60.^ 


C0.< 
OH 

Nonnal  butyric  acid,  Isobatyric  acid, 

or  propyl  carbonic  add.         or  isopropyl  carbonic  add. 


aro  known. 

1.  Normal  butyric  addf  ot  fermentation  butyric  add : 

CH3.CH2*CH2*CO.OH, 

occurs  as  fat  (glyceric  salt)  in  butter,  as  hexylic  salt  in  the  oil  of 
fferadeum  gigcmteum  (§  171),  as  octylic  salt  in  the  seeds  of  Paatinaca 
sativa.  It  occurs  also  in  the  free  state  or  in  the  form  of  salts  in 
many  animal  liquids,  e.g.  in  sweat  and  muscle  juice,  and  as  a  product 
of  the  putrefaction  and  oxidation  of  many  albuminoids  and  of  Ratine. 
It  is  prepared  by  the  oxidation  of  normal  primary  butylic  alcohol,  by 
boiling  normal  propylic  cyanide  with  potassic  hydrate,  and  by  the 
decomposition  of  ethylic  aceto- ethyl  acetate. 

It  is  obtained  readily  and  in  large  quantity  by  a  peculiar  fermen- 
tation of  sugar.  A  solution,  prepared  at  the  boiling  temperature, 
and  afterwards  cooled,  of  three  kilograms  of  cane  sugar  and  fifteen 
grams  tartaric  acid  in  fifteen  kilograms  of  water  is,  after  standing  for 
seversil  days,  mixed  with  120  grams  of  putrefying  cheese  in  foiu* 
kilograms  of  sour  milk ;  one  and  a  half  kilogram  of  powdered  chalk 
is  added,  and  the  mixture  then  allowed  to  stand  and  kept  at  a 
temperature  of  30°-35°.  After  alx)ut  a  week  or  a  week  and  a  half 
the  mixture  forms  a  crystalline  paste  of  calcic  lactate,  which  slowly 
becomes  again  liquid,  carbonic  anhydride  and  hydrogen  being  evolved 
and  calcic  butyrate  formed  : 

2(C3H503)2Ca  +  H2O  =  {C^KjOi)^GB,  +  CaC03  +  SCOa  +  Hj. 

Calcic  lactate.  Calcic  butyrate. 

On  addition  of  sodic  carbonate  all  the  calcium  is  precipitated  as 
carbonate,  whilst  sodic  butyrate  remains  in  solution.  This  is  filtered, 
evaporated  considerably,  and  carefully  decomposed  by  a  slight  excess 
of  sulphuric  acid,  whereby  the  crude  butyric  acid  collects  as  an  oily 
layer  on  the  surface.  This  is  removed,  dried  by  means  of  calcic 
cbloride,  and  purified  by  fractional  distillation.  As  in  the  fermenta- 
tion, together  with  much  acetic  acid,  some  caproic  acid  and  also  higher 
homologues  are  formed,  the  butyric  acid,  if  required  chemically  pure, 
must  be  submitted  to  further  treatment.  That  portion  of  the  crude 
add  distilling  between  155^  and  165^  is  converted  into  the  calcic  salt 
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hy  saturation  with  thin  milk  of  lime,  and  the  filtered  solution  evapo- 
rated by  boiling.  Calcic  butyrate  then  separates  on  the  surface  as  a 
leafy  crystalline  scum;  this  is  skimmed  off,  collected  on  a  filter, 
wadied  with  boiling  water,  and  then  pressed.  The  pure  calcic 
butyrate  so  obtained  is  then  converted  into  the  sodic  salt,  this  de- 
composed by  concentrated  sulphuric  acid,  and  the  oily  acid  which 
separates  rectified. 

Pure  butyric  acid  is  a  colourless  liquid  of  unpleasant,  penetrating, 
rancid  odour,  and  solidifies  in  the  cold  to  a  crystalline  mass  of 
nacreous  lustre.  It  melts  at  about  0°  and  boils  at  163° ;  its  sp.  gr.  is 
'958  at  14°.  It  mixes  in  every  proportion  with  water,  but  is  sepa- 
rated from  this  solution  by  saturation  with  readily  soluble  salts,  such 
as  calcic  chloride,  as  an  oil  containing  water,  probably  butyric  tri- 
hydrate,  €3117.0(011)3.  It  is  only  attacked  with  difficidty  by  oxidis- 
ing agents,  chromic  and  sulphuric  acids  first  oxidising  it  at  about 
200°  to  acetic  and  carbonic  acids  : 

OH8.CH2.CHa.OO.OH  +  2K2Cra07  +  8H2SO4  =  OH3CO.OH 

+  2CO2  +  IOH2O  +  2K20r2(S04)4. 

By  more  gentle  oxidation  propylic  butyrate,  propionic  add,  &c,,  are 
formed  (§  565). 

Butyratea, — The  butyrates  are  soluble  in  water  and  alcohol,  are 
crystallisable,  and  smell  of  butyric  acid  when  moist.  Even  iliose 
readily  soluble  are  only  slowly  moistened  when  thrown  on  cold  water, 
and  exhibit  a  rotary  movement  during  solution. 

Calcic  butyrate,  Oa(O.OO.OH2.0H2.0H3)2,H20,  is  dissolved  by 
three  and  a  half  times  its  weight  of  water  at  14°,  but  very  difficultly 
at  70°,  so  that  a  cold  saturated  solution,  when  heated  to  this  tem- 
perature, separates  nearly  all  its  salt  in  brilliant  leafy  crystals,  which 
disappear  again  on  cooling. 

Baric  butyrate,  Ba(0.04H70)2,  crystallises  in  readily  soluble 
nacreous  plates. 

Argentic  butyrate,  Ag0.04H70,  is  precipitated  on  mixing  not  too 
dilute  solutions  of  other  butyrates  with  argentic  nitrate,  in  coloiurless 
scales,  which  require  more  than  400  parts  of  water  at  14°  for 
solution. 

On  mixing  solutions  of  butyrate  and  acetate  of  the  same  metal 
and  evaporating,  crystalline  compounds  are  frequently  obtained,  con- 
taining both  bodies  in  equal  molecules.  These  butyrato-acetates 
(which  are  polymeric  with  the  propionates)  appear  to  have  a  similar 
constitution  to  the  diacetates  (§  575)  : 

CH9.C  ^  C.CHq.CHo^CH 


'  I -O- I        "^      *^  ^ 
OH  OH 


CH 
2.  laobutyric  add,  qtt^^CH.CO.OH,  occurs  in  St.  John's  bread 

(the  fruit  of  Ceratonia  aUiqua),  and  is  formed  from  isobutylic  alcohol 
or  isobutyric  aldehyde  on  oxidation,  also  from  isopropylic  cyanide  by 
boiling  with  acids  or  alkalies.  It  is  separated  as  an  oil  by  addition  of 
concentrated  sulphuric  add  to  its  salts.    Its  sp.  gr.  is  *9503  at  20^. 

aa2 
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It  boilfl  at  154^  and  requires  five  times  its  weight  of  water  at  20°  for 
solution.  It  is  readily  oxidised  by  chromic  and  sulphuric  acids  to 
acetic  acid  and  carbonic  anhydride. 

CcUcic  iaobutyrate,  Ca[O.CO.CH :  (GH.^)2]29^^2^*  crystalliseB  in 
long  prisms,  which  dissolve  much  more  readily  in  hot  than  in  cold 
water. 

Argentic  isobutyrate,  AgO.CO.CH  :  (CH,),,  crystallises  in  plates, 
which  require  110  parts  of  water  at  16°  for  solution. 

Valeric  Acids,  CgHioO,. 
083.  All  four  possible  isomeric  valeric  acids  : 
OH, 


OH, 
OH, 
CH, 
CO.OH 

OH, 

OH.CH, 

CO.OH 

Normal  valeric  add, 
batyl  carbonic  acid, 
or  propyl  acetic  acid. 

^-butyl  carbonic  add, 

me'h-eth-acetic  acid, 

or  a^methyl  butyric  acid. 

CH, 

OH.OH, 

OH, 

1 

OH, 
OH,    C    OH, 
CO.OH 

CO.OH 

Isovaleric  add, 
isobutvl  carbonic  add, 
/S^  methyl  butyric  add, 
isopropyl  acetic  add. 

Trimeth-acetic  add, 
or  trimethyl  carbin-carbonic  add, 

have  been  prepared. 

1 .  Normal  valeric  add  is  formed  by  the  oxidation  of  normal  primary 
amylic  alcohol  and  by  boiling  normal  butylic  cyanide  with  alkalies. 
It  is  liquid,  smells  like  butyric  acid,  has  sp.  gr.  '9577  at  0°,  and  does 
not  solidify  at  —16°.  It  boils  at  184°-185®,  and  dissolves  in  twenty- 
eight  times  its  weight  of  water  at  16°. 

Baric  valerate,  Ba(O.CO.CH2.CIl2.CH2.CHa)2,  crystallises  in 
plates,  which  dissolve  in  six  times  their  weight  of  water  at  10°. 

Calcic  valerate,  Ca(O.CO.C4H9)2,H20,  crystallises  in  fatty  leafy 
crystals,  dissolves  in  twelve  parts  of  water  at  20°,  and,  like  calcic 
butyrate,  separates  in  great  part  on  heating  the  solution  to  70°. 

2.  Isovaleric  acid,    pTx^]^CH.CH2.C0.0H,  occurs  in  the  roots  of 

Valeria/na  and  Angelica  officinalis  (in  the  latter  together  with  angelic 
add)  and  in  the  berries  and  bark  of  Viburnum  Opulis.  It  is  ob- 
tained from  these  parts  of  the  plants  by  fine  division  and  distillation 
with  water.  It  occurs  as  fat  in  the  tears  of  Delphinus  globiceps.  It 
is  formed  by  the  oxidation  of  fiits  of  higher  homologous  acids  and  by 
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the  putre&ction  of  albuminoids ;  e.g.  it  occurs  largely  in  rotten  cheese. 
It  is  obtiiined  synthetically  by  boilmg  isobutylic  cyanide  with  alkalies 
and  by  oxidation  of  isoamylic  alcohol. 

This  succeeds  best  when  five  parts  of  potassic  dichromate  are 
placed  with  four  parts  of  water  in  a  retort  turned  upwards  and  pro- 
vided with  an  inverted  condenser,  and  a  mixture  of  one  part  of  fer- 
mentation amylic  alcohol  and  four  parts  of  sulphuric  acid  then  added. 
The  reaction  soon  starts  of  itself  with  lively  ebullition.  Later  it  is 
heated  to  boiling  until  no  oily  streaks  of  isoamylic  aldehyde  can  be  ob- 
served in  the  neck  of  the  retort  or  the  condenser.  The  retort  is  thei^ 
turned  downwards,  and  the  valeric  acid,  together  with  water,  dLstilled 
over.  The  distillate  is  saturated  with  sodic  hydrate,  the  oily  isoamylic 
isovalerate  which  separates  removed,  the  salt  solution  evaiK)rated  to 
dryness  and  treated  with  four-fifths  of  its  weight  of  sulphuric  acid 
that  has  previously  been  diluted  with  half  the  quantity  of  water. 
The  oily  valeric  acid  is  then  separated,  dried  with  calcic  chloride,  and 
purified  by  distillation. 

Isovaleric  acid  is  a  thin,  colourless  oil  of  unpleasant  valerian-like 
odour.  It  has  sp.  gr.  '947  at  0° ;  it  boils  at  175°.  The  anhydrous 
acid,  on  shaking  with  water,  takes  up  a  molecule  of  the  latter  : 

(CH3)jCH.CHa.C0.0H  +  OHj  =  (CH3)2CH.CHa.C(OH)3, 

yielding  isovaleryl  trihydrate,  which  is  not  completely  decomposed  on 
distillation  and  dissolves  in  thirty  parts  of  water. 

The  metallic  isovalerates  have  a  fatty  feeling,  smell  of  valeric  acid 
when  damp,  are  mostly  readily  soluble  in  water,  and  in  part  crystal- 
lise therefrom  with  difficulty. 

Baric  isovalerate,  Ba[O.CO.CH2.CH(CH3)a]2,HjO,  forms  thin 
prisms  or  plates,  which  dissolve  in  two  parts  of  cold  water,  but  in  their 
own  weight  of  water  at  22°. 

Zindc  isovalerate,  Zn(O.C5H90)2,  forms  nacreous  scales,  which 
are  more  soluble  in  alcohol  than  in  water.     The  salt  is  officinal. 

Argentic  isovalerate,  AgCCgHgO,  crystaUises  in  brilliant  leafy 
plates,  which  require  450  parts  of  water  for  solution. 

3.  Eth-TYiethHOLcetic  add,  CH(CH3)(C2H5).CO.OH,  has  been  pre- 
pared synthetically  by  distilling  ethylic  eth-meth-aceto-acetate  with 
sodic  ethylate  and  saponification  of  the  ethylic  eth-meth-acetate 
so  formed.  The  same  acid  appears  to  be  formed  by  oxidation  of 
optically  active  fermentation  amylic  alcohol  (§  170)  with  potassic 
dichromate  and  sulphuric  acid.  Obtained  by  this  latter  method,  it 
rotates  the  plane  of  polarisation  strongly  to  the  right,  whilst  that 
prepared  synthetically  appears  to  be  optically  inactive.  Otherwise 
the  acids  from  both  sources  agree  in  properties.  Eth-meth-acetic 
acid  is  a  thin  liquid  of  boiling  point  173°.  The  argentic  salt  crystal- 
lises from  hot  water  in  feathery  needles ;  the  baric  salt  reuses  to 
crystallise,  leaving  a  gum-like  mass  on  evaporation. 

4.  Trimeth-acetic  acid,  pseudo-valeric  acid,  or  pi/nalic  <icid, 
(0113)3  i  C.CO.OH,  is  obtained  by  heating  trimethyl-carbin-cyanide 
with  alkalies,  or  better  with  concentrated  hydrochloric  acid,  to  100°, 
and  by  oxidation  of  pinacoline  (§  504,  3)  with  chromic  and  dilate 
sulphuric  acids.  The  crude  acid  is  converted  into  the  potassic  salt, 
this  evaporated  to  dryness,  and  decomposed  with  sulphuric  acid. 
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Trimedi-Aoetic  add  then  separates  as  an  oO,  whidi  arpAalhaeB  on 
coding. 

Trimeih-aoetic  add  forms  leafy  crystalsy  melting  at  34^-35,  and 
boils  at  161°.  It  requires  forty  times  its  weight  of  water  for  aohitiaii. 
Its  baric  salt,  B4O.CO.C  i  {CRi)i\^bUfi,  and  caldc  salt : 

Oa(O.C4H,0)^4H,0, 

crjBtalliae  in  silky  needles,  which  are  readily  soluble. 

Caproie  Adds,  or  Amyl  Carbonic  Adds,  C^Hi^O^ 

681.  Of  the  eight  possible  isomeric  amyl  carbonic  adds  only  the 
foUowing  have  yet  been  prepared : — 

1.  Xarmal  caproie  acid,  CH,.CH^CH,.CH^CH4.C0.0H,  ocean 
in  nature  partly  in  the  free  state  (in  sweat  and  in  the  blood  of 
Saiyriufn  hirdnum),  partly  in  several  &t8  as  glyceric  salts  (in  butter 
and  cocoa-nut  oil),  and  is  formed  from  albuminoids  and  adds  richer  in 
carbon  by  oxidation.  It  is  obtained  from  normal  primary  hexylic 
alcohol  by  chromic  and  sulphuric  adds,  and  &om  normal  primary 
amylic  iodide  by  conversion  into  the  cyanide  and  decomposition  of 
this  latter  by  alkalies.  It  is  formed  also  in  pretty  considerable  quan- 
tity in  the  butyric  fermentation  of  sugar.  In  order  to  purify  it  the 
caldc  or  baric  salt  is  prepared,  recrrstallised,  and  the  capx>ic  add 
■qiarated  by  addition  of  the  hydrochloric  add. 

Caproie  add  is  an  oily  liquid  of  faint,  unpleasant  odour,  not  mis- 
dble  with  water,  having  at  0°  sp.  gr.  '945.  On  strong  cooling  it 
solidifies  to  a  crystalline  mass,  which  melts  at  —  2°.     It  boils  at  205°. 

Caldc  caproaUy  Ca(O.CO.CHs.CH,.CH^CH,.CH,)^H,0,  cry^al- 
lises  in  plates,  which  dissolve  in  36-37  parts  of  water  at  19^ 

Baric  caproaU,  Ba(O.CeHi  lO),,  requires  about  twdve  tunes  its 
weight  of  water  at  20°  for  solution. 

Argentic  eaproate  is  nearly  insoluble  in  water. 

2.  Isocaproic  add,  ^2p>CH.CH^CH,.C0.0H,  or  iPdoty  oar- 

honic  add,  is  obtained  from  isoamylic  cyanide  by  decomposition  with 
alcoholic  potassic  hydrate  and  by  saponification  of  ethylic  aceto-iso- 
bntyl  acetate.  It  is  an  oil  resembling  the  normal  add,  of  sp.  gr. 
•931,  and  boiling  at  199^-200°. 

Caidc  isocaproate,  Ca[O.CO.CH^CH^CH :  (CH3)2]j,3H,0,  crys- 
tallises in  plates,  and  requires  nine  parts  of  water  at  18*5°  for 
solution. 

3.  If  the  secondary  isoamylic  iodide  be  heated  in  alcoholic  solution 
with  potato  cyanide,  the  resulting  cyanide  decomposed  by  alkali, 
and  the  alkaline  salt  treated  with  add,  mcthyl-isopropyl  acetic  add, 

^ct'^OH.CH^^  JxCTi  is  obtained  in  the  fi-ee  state  as  an  dl  of 

fiaarful  odour,  which  has  been  littie  investigated.  Its  caldc  salt  is 
difficulUy  soluble  in  hot  water  and  crystallises  in  scales. 

4.  Dicth-aceUc  add,  ^^^'^^^CH.CO.OH,  is  obtained  by  sa- 

pcmification  of  its  ethylic  salt,  which  latter  is  a  product  of  the  split- 
ting up  of  aceto-dietiiyl  acetate.  The  free  add  is  an  oil ;  the  baric 
salt,   Ba[O.OO.CH(C,H5)2]s,  is  crystalline  and  readily  soluble  in 
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water.  The  argentic  salt,  AgO.CO.CH(C2H5)a,  is  also  soluble,  and 
crystallises  in  asbestos-like,  s2ky  needles. 

5.  Dimethreth-acetic  acidy  C(CH3)2(C2H.ij).CO.OH,  is  obtained 
by  heating  dimethyl-ethyl  car  bin-cyanide  with  strong  hydrochloric 
acid  at  100°.  It  is  a  colourless  liquid,  insoluble  in  water,  boiling 
at  187°. 

Baric  dimeth-eth-acetate,  (CgHnCO.O^aBajSHaO,  crystallises  in 
large  transparent  plates.  The  zincic  salt  torms  transparent  prisms, 
and  the  silver  salt  fine  silky  needles. 

Heptylic  Acids,  or  Uexyl  Carbonic  Acids,  C7H14O2. 

585.  Only  two  of  the  numerous  possible  hexyl  carbonic  acids  have 
been  accurately  investigated. 

Normal  heptylic  acid,  or  cenanthylic  acid : 

is  obtained  from  normal  primary  hexylic  iodide  by  conversion  into 
normal  primary  hexylic  cyanide  by  treatment  with  potassic  cyanide 
and  decomposition  with  alcoholic  potassic  hydrate,  and  also  by  the 
oxidation  of  normal  primary  heptylic  alcohol.  It  is  prepared  most 
readily  by  the  oxidation  of  its  aldehyde,  oenanthol  (§  400).  It  forms 
a  colourless  oil  of  faint  odour  and  of  sp.  gr.  '9345  at  0°,  solidifying 
in  the  cold  to  a  crystalline  mass,  melting  at  — 10*5°  and  boilii^  at 
223°-224°. 

The  calcic  salt,  Ca(O.C7Hi30)2,H20,  crystallises  in  tufts  of 
needles,  which  dissolve  in  106  parts  of  water  at  8°. 

lacenarUhylic  acid,  probably  (CHa)2 :  CH.CH2.CH2.CH2.CO.OH, 
is  prepared  by  oxidation  of  isoenanthylic  alcohol.  It  is  a  colourless, 
oily  liquid  of  peculiar  and  disagreeable  odour;  it  boils  at  210°-213°. 

Another  isoenanthylic  acid,  boiling  at  220°,  is  obtained  by  heating 
a  mixture  of  sodic  ethylate  and  isovalerate  in  carbonic  oxide. 

Acids  Richer  in  Carbon. 

586.  In  most  cases  only  one  representative  of  each  higher  mem- 
ber of  the  series  is  known,  although  the  number  of  possible  isomers 
increases  enormously  with  each  additional  carbon  atom.  With  few 
exceptions  they  are  prepared  from  the  fats,  and  those  so  obtained 
appear  to  be  normal  acids,  CH3(CH2)nCO.OH,  as  on  oxidation  with 
chromic  and  sulphuric  acids  they  yield  normal  acids  poorer  in  carbon. 
They  are  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  are 
crystallisable.  Their  alkali  salts  are  true  soaps,  i.e.  dissolve  in  little 
water  to  a  clear  solution,  but  are  partially  decomposed  by  much 
water,  with  clouding  and  liberation  of  some  alkali,  to  liquids  which 
froth  strongly  on  shaking.  The  other  metallic  salts  are  most  diffi- 
cultly soluble  or  insoluble  in  water,  but  mostly  soluble  in  alcohol. 

587.  Octylic  or  caprylic  acid,  C8H16O2  =  C7H15.CO.OH,  the  car- 
bonic acid  of  normal  primary  heptyl,  is  prepar^  by  oxidation  of 
normal  primary  octylic  alcohol  (§  173),  and  occurs  in  wine  fusel  oils, 
as  a  fat  in  butter,  in  cocoa-nut  oil,  and  in  other  vegetable  fats. 

Caprylic  acid  crystallises  in  fine  needles  or  plates,  which  melt 
between  16°  and  17°  and  smell  like  sweat.    It  boils  at  232°-234^ 


360  DERIVATIVES  OF  THE  ACID  BADICALS,  CJl^^i. 

Its  baric  salt  requires  fifty  parts  of  cold,  and  more  than  100  parts  of 
bot,  water  for  solution. 

An  is(M)ctyUc  acid,  C(CH3)3.CH2.CH(CH3).CO.OH,  is  prepaxwi 
by  oxidation  of  diisobutylene ;  it  is  an  oily  liquid,  boiling,  apparently 
with  some  decomposition,  at  205°-218°. 

888.  NonyUc  add,  or pelargonic  acid,  C9H,g02  =  CgH17.CO.OH, 
occurs  in  the  essential  oil  of  Pelargonium  roseum,  and  is  obtained  by 
oxidation  of  methyl.nonyl  ketone,  the  essential  oil  of  Buta  graveolens 
(§  455),  with  nitric  acid,  and  also  by  acting  on  ethylic  heptyl  aceto- 
acetate  with  solid  potassic  hydrate  and  acidulation  of  the  resulting 
salt.     It  is  solid  below  12*'  and  boils  at  253°-254°. 

Methylrhexyl  acetic  acid,  C6Hi5.CH(CH3).CO.OH,  is  prepared 
from  the  cyanide  derived  from  methyl-hexyl  carbinol.  It  is  a  colour- 
less oil,  boiling  at  245°. 

589.  Capric  acid,  C10H20O2  =  C9H19.CO.OH,  occurs  as  glyceric 
salt  in  butter,  in  cocoa-nut  oil,  and  all  fats  which  contain  caproic  or 
caprylic  acids.  It  is  solid  and  crystalline,  melts  at  30°,  boils  at  270°, 
and  has  a  faint,  goat-like  odour.  The  baric  salt  is  scarcely  soluble 
even  in  hot  water. 

590.  Undecylic  acid,  CnH2202  =  CjoHji.CO.OH,  obtained  by 
the  oxidation  of  methyl-undecyl  ketone  (§  455a),  melts  at  28*5^  and 
boils  at  212°-213°  under  a  pressure  of  100  mm. 

891.  Laurie  acid,  C12H24O2  =  C13H23CO.OH,  obtained  from  the 
fat  of  pichurium  beans,  the  fruit  of  Lauras  nohilis,  butter,  cocoa-nut 
oi],  &^,,  crystallises  in  spear-like,  silky  needles,  which  melt  at  43*6° 
and  have  sp.  gr.  '^^^.  It  boils  at  225*5°  under  a  pressure  of  100 
mm.,  but  is  partially  decomposed  on  distillation  at  ordinary  pressures. 

692.  Trtdecylic  acid,  C18H26O2  =  C,2H25.CO.OH,  obtained  by 
oxidation  of  methyl-tridecyl  ketone  (§  4556),  melts  at  45°  and  solidi- 
fies a  little  below  this  to  scaly  crystals.  It  boils  at  236°  imder  a 
pressure  of  1 00  mm. 

693.  Myristic  acid,  C14H28O2  =  C,3H27.CO.OH,  forms  a  glyceric 
salt,  the  chief  constituent  of  muscat  butter  (the  fat  of  the  fruit  of 
Myristica  moschata),  but  is  also  prepared  fi'om  spermaceti,  cocoa-nut 
oil,  and  other  fats.  It  crystallises  from  alcohol  in  silky  needles, 
which  melt  at  54°.     Under  a  pressure  of  100  mm.  it  boils  at  248°. 

694.  PerUadecylic  acid,  C15H30O2  =  C14H29.CO.OH,  prepared 
by  the  oxidation  of  methyl-pentadecyl  ketone  (§  455c),  forms  nacre- 
ous scales,  which  melt  at  51°  and  boil  at  257°  under  a  pressure  of 
100  mm. 

596.  Palmitic  acid,  C16H32O2  =  CjsHgi.CO.OH,  occurs  as  a  gly- 
ceric salt  in  nearly  all  animal  and  vegetable  fats.  In  the  solid 
animal  fats  it  occurs  mostly  with  stearic  and  oleic  acids,  in  olive  oil 
with  little  but  the  latter.  It  is  obtained  from  its  mixture  with 
stearic  acid  (stearine  candles'  material)  by  the  method  of  fractional 
precipitation  (§  563),  and  more  readily  from  olive  oil.  This  is  saponi- 
fied by  boiling  with  sodic  hydrate,  when  the  thick  solution  contains 
glycerine  and  the  soda  soaps  of  oleic  and  palmitic  acids.  These  are 
precipitated  on  saturating  the  water  with  common  salt,  separated 
from  the  salt  solution,  dissolved  in  pure  water,  and  precipitated  by 
addition  of  plumbic  acetate  as  plumbic  oleate  and  pahnitate  (lead 
plaster).     From  this  mixture  the  plumbic  oleate  is  completely  removed 
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by  extraction  with  ether,  and  the  residual  plumbic  palmitate  decom- 
posed by  alcoholic  hydrochloric  acid.  The  alcoholic  liquid,  filtered 
from  plumbic  chloride,  yields,  when  precipitated  with  water,  nearly 
pure  palmitic  acid,  which  must  be  recrystallised  several  times  from 
alcohol. 

Palmitic  acid  is  also  obtained  by  heating  cetylic  alcohol  with  solid 
alkalies : 

CifiHai.CHa.OH  +  HOK  =  2Ha  +  CjaHgi.CO.OK, 

and  irom  oleic  acid  by  heating  with  potassic  hydrate. 

Palmitic  acid  crystallises  in  needles,  which  melt  at  62^  and  re- 
solidify in  leafy  crystels  on  cooling ;  it  boils  at  268*5°  under  a  pres- 
sure of  100  mm. 

The  alkaline  salts  are  soluble  in  alcohol  and  little  water,  and  are 
true  soaps ;  all  other  metals  yield  insoluble  soaps  with  palmitic  acid. 

An  isomeric  acid,  diheptyl  acetic  acid,  CH(C7H,5)2.CO.OH,  is 
prepared  by  action  of  ethylic  diheptyl  aceto-acetate  on  solid  potassic 
hydrate.  It  forms  a  paraffin-like  mass,  melting  at  26°- 27°  and  boil- 
ing at  240°-250°  under  80-90  mm.  pressure. 

696.  Margaric  add,  cetyl  carbonic  add  : 

C17H34O2  =  C15H81.CH2.CO.OH, 

is  obtained  from  cetylic  cyanide  by  boiling  with  potassic  hydrate 
solution,  and  also  by  oxidation  of  methyl-heptadecyl  ketone  (§  455c). 
It  resembles  palmitic  add,  melts  at  59*9°,  and  boils  at  277°  under  a 
pressure  of  100  mm. 

697.  iS'tearic  ocic/,  CigHggOa,  or  C17H35.CO.OH,  occurs  especially 
in  the  solid  animal  fats,  and,  mixed  with  palmitic  acid,  forms  the 
material  used  for  making  stearine  candles.  To  prepare  this  latter, 
solid  animal  fats  are  heated  with  water,  to  which  a  very  small  quan- 
tity of  sulphuric  acid  has  been  added,  for  some  time  to  200°. 
According  to  the  equation  : 

C3H5(O.CnH2„_iO)3  -H  3H2O  =  C3H5(OH)3  +  3HO.C„H2„_iO, 

the  fats  are  decomposed  into  glycerine,  which  remains  dissolved  in 
the  excess  of  water,  and  a  mixture  of  stearic,  palmitic,  and  oleic  acids, 
which  float  on  the  surface  of  the  liquid.  This  is  removed  after  solidi- 
fication, and  strongly  compressed  by  hydmulic  presses,  first  at  ordi- 
nary temperature,  later  at  30°-40°,  in  order  to  remove  the  liquid 
oleic  acid.  The  mixture  of  solid  acids  melts  at  a  lower  temperature 
than  palmitic  acid,  and,  after  addition  of  some  wax  or  paraffin  to 
hinder  crystallisation,  is  employed  for  stearine  candles. 

Pure  stearic  acid,  which  can  be  prepared  from  this  mixture  by  the 
method  of  fractional  precipitation,  melts  at  69-2°,  solidifies  in  scaly 
crystals,  and  is  obtained  from  alcoholic  solutions  in  brilliant  plates. 

At  ordinary  pressure  stearic  acid  only  distils  with  decomposition  : 
at  a  pressure  of  100  mm.  it  distils  unaltered  at  287°,  and  also  passes 
over  at  250°-350°  in  a  current  of  super-heated  steam. 

A  fused  and  resolidified  mixture  of  equal  molecules  of  stearic  and 
palmitic  acid,  which  contains  the  elements  in  the  same  proportion  as 
margaric  acid  : 

^18^36^2  +  CJ16H32O2  —  Cj4Hggp4  =i  2C 171134029 
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was  taken  for  margaric  acid  before  the  metliod  of  fractional  preci|n- 
tation  was  known.  It  melts  at  about  60^  and  solidifies  to  a  needle 
(brmed  crystalline  mass.  A  mixture  of  two  parts  palmitic  acid  and 
one  part  stearic  add  fuses  at  55^ 

698.  Arachidic  acid,  C20H40O2,  is  found  in  the  £Eit  of  earth  nut 
(Arcichis  hypogoM),  in  butter,  and  some  other  fats.  It  crystalliseB  in 
railliant  plates,  which  melt  at  75°. 

099.  Behenic  cicid,  C^tBiifiif  prepared  from  oil  of  ben,  the  fat  of 
the  fruit  of  Moringor^nux  B^ien,  melts  at  76°. 

600.  Hyaenic  acid,  C25H50O2,  is  separated  fit)m  the  &t  of  the 
glandular  pouches  of  Hyttena  stricUa  as  an  acid  melting  at  77°. 

601.  Cerotic  addy  Q^.jlS.f^fi2y  forms  the  chief  constituent  of  bees*- 
wax,  and  is  extracted  therefrom  by  boiling  with  ether,  whilst  mellis- 
sylic  palmitate  remains  imdissolved.  On  cooling  the  hot  filtered 
liquid,  crude  cerotic  acid  separates,  and  is  coUected  on  a  filter  and 
pressed.  It  is  then  dissolved  in  hot  alcohol,  precipitated  with  plumbic 
acetate,  and  the  crude  plumbic  cerotate  so  obtained  purified  by  treat- 
ment with  alcohol  and  ether.  It  is  decomposed  by  hot  acetic  acid, 
and  the  separated  cerotic  add  recrystallised  from  alcohol. 

It  is  also  obtained  by  the  saponification  of  Chinese  wax  (cerylic 
oerotate),  and  by  oxidation  of  cerylic  alcohol  by  fusing  with  potassic 
hydrate. 

Cerotic  add  crystallises  from  alcohol  in  small  grains,  which  melt 
at  79°. 

602.  Mellissic  acid,  CsoHgoOs,  is  prepared  by  oxidation  of  melliB- 
sylic  alcohol  with  fused  alkaUes  : 

Cj9H59.CH,.OH  +  HOK  =  2H2  +  Cj^Hjg.CO.OK. 

It  is  an  indistinctly  crystalline,  wax-like  substance,  melting  at  91°. 

• 

Halogen  Compounds  of  the  AddoxyU, 

603.  The  organic  salts  are  not  altered  by  the  halogen  hydro-adds 
even  in  the  absence  of  water ;  in  the  latter  case,  however,  if  phosphoric 
anhydride  be  also  present,  reaction  occurs.  A  mixture  of  glacial  acetic 
add  and  phosphoric  anhydride  yields  acetyl  chloride  when  heated 
with  dry  hydrochloric  add  gas  : 

CH3.CO.OH  -f  PjOfi  +  HCl  =  2HPO3  +  CH3.CO.CI. 

The  acid  chlorides  are  obtained  more  readily  by  the  action  of  the 
halogen  compounds  of  phosphorus  on  the  acids  or  their  anhydrides. 

Phosphoric  chloride  or  bromide  react  with  one  molecule  of  the 
add,  yielding  phosphoric  oxy-haloid,acidoxy-haloid,  and  halogen  hydro- 
add,  the  reaction  starting  at  the  ordinary  temperature  and  evolving 
much  heat : 

OnHjn  +  i.CO.OH  +  PCI5  =P0Cl8  +  CnHjn+i.CO.Cl  +  HCL 

For  this  purpose  phosphoric  chloride  is  placed  in  a  retort,  whose 
neck  is  turned  up  and  attached  to  an  inverted  condenser ;  the  add  is 
then  allowed  to  flow  in  slowly  through  a  funnel  tube  provided  with  a 
stop -cock,  and  passed  through  the  tubulus  of  the  retort.  After 
completion  of  the  reaction  the  liquid  products  are  separated  by  frao- 
tional  distillation. 
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On  bringing  together  one  molecule  of  a  phosphoric  ozy-trihaloid  and 
two  molecules  of  a  dried  alkali  salt  of  an  organic  acid,  an  energetic 
reaction  ensues,  in  which  acidoxjl  haloid,  metallic  haloid,  and  meta- 
phosphate  are  formed : 

POCI3  +  2NaO.CO.Cn'H2„'+ ,  =  NaO.POj  +  NaOl 

-f-  201.C'O.C/n/U2n»^.  J. 

The  reactions  between  phosphorus  trihaloids  and  acids,  which  can 
also  be  employed,  require  to  be  assisted  by  heat,  but,  from  the  non- 
formation  of  any  volatile  phosphorus  compound,  yield  the  pore 
addoxyl  haloid  on  careful  distillation. 

Acidoxyl  iodides  cannot  be  prepared  from  the  acids  themselves, 
as  these,  on  treatment  with  phosphorus  iodide,  yield  iodine,  and  are 
further  decomposed ;  but  by  treatment  of  the  acid  anhydrides  with 
phosphorus  triiodide,  the  acidoxyl  iodides  are  formed,  e.g. 

3(CH3.CO)20  +  2PI3  =  PaOa  +  6CH3.CO.I, 

the  phosphorus  trioxide  then  acting  further  on  a  portion  of  the  an- 
hydride. 

Instead  of  employing  the  haloid  compounds  of  phosphorus,  the 
dried  adds  or  anhydrides  may  be  mixed  with  amorphous  phosphorus 
and  then  treated  with  the  halogen. 

604.  The  acidoxyl  haloids  are  mostly  heavy  liquids  which  fume  in 
the  air.  When  added  to  water,  they  generally  sink  in  oily  globules, 
but  soon  decompose  with  it  into  halogen  hydro-acid  and  fatty  acid, 
the  reaction  being  generally  violent : 

CnH2n+  1  .CO.Cl  +  H2O  =  CnH2n+  ,.CO.OH  +  HCl. 
CHj.CO.I  +  H2O  =  CHa.CO.OH  +  HI. 

The  halogen  is  much  less  firmly  united  to  carbon  in  these  com- 
pounds than  in  the  alkyl  haloids,  which  do  not  contain  oxygen  united 
to  the  same  carbon  atom.  In  this  respect  the  halogen  compounds  of 
oxygenated  organic  radicals  behave  like  those  of  the  inorganic  add 
radicals. 

The  reaction  of  the  add  haloids  upon  alcohols  is  similar  to  that 
with  water,  as  the  alcoholic  salt  of  the  acid  and  halogen  hydro-add 
are  formed  with  much  evolution  of  heat ;  or,  if  excess  of  alcohol  be 
present,  the  latter  forms  with  it  alkyl  haloid  and  water.  The  first 
reaction  occurs  according  to  the  equation  : 

CnHan+  1.0H+  Cl.CO.Cn.Han'+  1  =  HCl  +  CnH2n+  i»0.C0.Cn'H2n»  +  i. 

606.  Formyl  haloids  are  not  known.  If,  for  instance,  phosphoric 
pentachloride  reacts  on  pure  formic  add,  carbonic  oxide  is  evolved  : 

H.CO.OH  +  PCI3  =  POCI3  +  HCl  +  HCO.Cl  =  POa, 

4-  2HC1  +  CO. 

606.  Acetyl  Haloids, — Acetic  chloride,  or  chlor-acetyl,  CH5.CO.CI, 
is  a  colourless  liquid  of  penetrating  odour,  fuming  in  the  air,  has 
sp.  gr.  1*125,  and  boils  at  55^.  It  first  sinks  in  water,  but  soon  de- 
composes with  violence  into  acetic  and  hydrochloric  adds.  Acetic 
bromide,  or  hromracetyl,  CH3.CO.Br,  resembles  the  chloride,  but  boils 
at  81°.    Acetic  iodide^  or  iodo-acetyl,  CH3.CO.I,  is  a  liquid  boilixig  at 
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108^ ;  it  is  always  coloured  brown  by  free  iodine,  and  decomposes  on 
exposure  to  light  with  separation  of  iodine  and  further  changes  of  the 
organic  residue. 

607.  Propionic  Moride,  or  cMor-propionyl,  CHs.CHj.OO.Ol, 
boils  at  80®,  propionic  bromide  at  96°-98°,  and  propionic  iodide^ 
OHj.CHa.CO.I,  at  127*^-128°.     All  three  fume  on  exposure  to  air. 

Butyric  chloride,  or  chlor-hutyryl,  CH3.CH2.CH2.CO.CI,  boils  at 
101** ;  isobtUyric  chloride,  (ClIz)^CK,CO.Gi,  at  92°. 

Isovaleric  chloride,  or  aUor-isovcUeryl,  boils  at  115®,  and  has  sp.  gr. 
1-006  at  6**. 

Ethereal  Salts. 

608.  Methods  of  Preparation, — On  mi-ging  a  ^ttj  acid  with 
alcohol,  only  a  feeble  and  incomplete  reaction  occurs ;  on  heating  the 
mixture  to  higher  temperatures  it  occurs  to  a  greater  degree,  so  that 
considerable  quantities  of  the  salt,  together  with  water,  are  formed,  but 
even  then  considerable  quantities  of  the  ingredients  remain  unaltered. 
The  process  is  represented  by  the  following  equation : 

oOnHjn+i.OH  +  aHO.CO.CtfHjn'+i  =  ^HjO 

+  60nH2n^.|.O.CO.Cn»Hjn»^.i 
+  (a  -  b){OJ3i<tn+iOIl  +  HO.CO.Cn*H,n'+l)- 

By  employment  of  an  excess  of  alcohol  an  increased  quantity  of 
add,  by  an  excess  of  acid  a  larger  quantity  of  alcohol,  can  be  converted 
into  the  salt. 

The  yield  of  salt  is  increased  by  the  presence  of  bodies  which  can 
combine  with  the  resulting  water,  such  as  sulphuric  add  or  hydrochloric 
acid  gas ;  but  the  action  of  these  acids  does  not  cease  with  combination 
with  water,  but,  especially  with  sulphuric  acid,  they  take  part  in  the 
reaction,  combining  with  the  alcohol. 

In  preparing  ethereal  salts  which  volatilise  unchanged,  a  mixture 
of  alcohol  and  free  adds  or  their  salts  is  distilled  after  addition  of 
sulphuric  add.  The  latter  partly  forms  with  the  alcohol  monalkyl 
sulphate,  which  at  higher  temperatures  reacts  with  organic  adds 
similarly  to  its  reaction  with  alcohol  and  water  (§  215) : 

(OnH2a+i)HS04  +  HO.CO.Cn'Hjn'4.1  ^  CnHan  +  i'O.CO.Cn'Hjn'+i 

Ethereal  salt 
+  HJSO4. 

Yolatile  ethereal  salts  are  also  similarly  obtained  by  the  dry  distilla- 
tion of  an  intimate  mixture  of  the  alkali  salts  of  fatty  acids  with 
potassic  alkyl  sulphates : 

CnH2„+iKS04  +  K0.C„,H2n._,0  =  KjS04 

+  CnH.2n4.iO.Cn'H2n'_iO. 

The  alcohols  react  very  completely  with  adds  when  hydrochloric 
add  gas  is  passed  to  saturation  into  a  mixture  of  the  two.  In  the 
main  the  hydrochloric  add  acts  by  uniting  with  the  water,  but  also 
converts  a  portion  of  the  alcohol  into  alkyl  chloride,  of  which  a  certain 
quantity  ads  further  as  follows  : 

CaH,a+l,Cl  +HO.OO.O„rH,n»+i  =HC1  +  CnHjn+i.O.CO.CnHjn +  1. 
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This  method  is  especially  applicable  when  an  insoluble  salt  of  high 
boiling  point  is  to  be  prepared  from  an  alcohol  miscible  with  water. 
After  standing  for  several  days  the  excess  of  alcohol  is  in  great  part 
distilled  off,  and  the  residue  shaken  with  water.  This  removes  alcohol 
and  hydrochloric  acid,  whilst  the  ethereal  salt  separates  and  is  puri- 
fied either  by  distillation  or,  if  solid,  by  crystallisation. 

The  following  are  also  methods  of  general  application : — 
An  alkyl  haloid  is  heated  with  the  potassic  or  argentic  salt  of  the 
acid  at  100°,  best  in  the  presence  of  some  alcohol : 

CnBT 20  +  1^1  +  K0.Cn»H2n»_  jO  =  K.C1  +  CnHjn^i.0.Cn»H2n'_  lO. 
CnHan+iI  +  AgO.C„.Hj„,_iO  =  Agl  +  CnHj„+,.O.Cn^H2n,^lO. 

The  acid  chlorides  react  with  great  energy  on  the  alcohols  yielding 
ethereal  salts : 

CnHgn^  J. Oh  +  Cl.C0.Cn»Il2n'+  i  =  CnH2n+  i.0.C0.Cn'H2n'  + 1  +BLC1, 

609.  Reactions  of  the  Ethereal  Salts. — If  not  of  very  high  molecular 
weight  they  are  mostly  liquids,  distinguished,  as  a  rule,  fh)m  their 
constituent  acids  and  alcohols  by  theii*  agi'eeable  odours.  Many  of 
them  occur  naturally,  and  impart  to  fruit,  flowers,  <kc.,  their  character- 
istic odour. 

Solid  crystalline  ethereal  salts  of  high  molecular  weight  also  occur 
naturally,  forming  the  chief  constituents  of  the  various  kinds  of  wax. 

Treated  with  much  water,  and  especially  on  heating,  the  ethereal 
salts  are  reconverted  into  acid  and  alcohol : 

aC„H2n+ i.O.Cn'Hj^^.iO  +^20  =  cC„H2n+  j.OH  +  cHO.C„,H2n'_iO 
+  (a-c)CnH2„+,O.C„.H2n'_,0  +  (5-c)HaO; 

the  reaction  being  effected  more  readily  and  completely  on  heating 
with  strong  bases : 

CnH2n+iC^'C5nH2n-iO  -|-  KOH  =  KO.Cn'H2n'-iO  +  CnH2n4.iOH. 

As  already  mentioned,  this  process  is  termed  saponification. 

Ammonia,  even  in  the  presence  of  water,  converts  them  into 
alcohol  and  acid  amide : 

CnH2n  +  iO.CO.Cn»H2n'+i  H-  NH3  =  CnH2n+i»0H[ 

-f-  PJlrl2«C'O.L'n'rl2n'+ !• 

Phosphoric  chloride  decomposes  the  ethereal  salts  into  al^l 
chlorides  and  acid  chlorides  : 

CnH2n+i.O.Cn'H2n'- lO  -f-  PCI5  =  POClj  +  CnH2n4.iCJl 

-f-  C'lC'n»B[2ii'— lO. 

By  action  of  bromine  and  chlorine,  substitution  products  are 
formed  (with  elimination  of  hydro-acids),  in  which  even  all  the  hy- 
drogen atoms  can  be  replaced  by  halogen.  For  this  complete  replace- 
ment the  assistance  of  light  and  heat  is  requisite. 

Ethereal  Sails  of  the  Mon-hydric  Alcohols, 

610.  A  very  large  number  of  cases  of  metamerism  occur  amongst 
the  salts  of  this  group,  depending  on  the  nature  of  the  alcohols  and 
acids.     In  addition  to  this  they  are  further  metameric  with  the  moii6- 
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basic  adds,  the  general  formula  of  the  ethereal  salts  being  the  same  as 
that  of  the  fatty  adds,  CnHsnOa  : 

C||'M2n'4. 1 .0.CX).Oii«»B[2n''  + 1  ^  ^n'  +  n*  + 1 •"•  a(n' + n*  + 1  /^a 
=  CnHsnOj  if  n  =  n'+n"+ 1* 

In  comparison  with  the  metameric  acids  the  ethers  always  boil  at 
lower  temperatures  and  are  less  soluble  in  water.  These  liquids  mix 
with  alcohol  and  ether  in  every  proportion. 

611.  MethyUc  formtUe^  CHa.O.OHO,  metameric  with  acetic  acid, 
is  best  obtained  by  distillation  of  sodic  formate  with  potassic  methyl 
sulphate.     It  is  a  mobile,  colourless  liquid,  boiling  at  36°. 

612.  CaHgOQ.  Ethylic  fomuUey  C2H5O.CHO,  is  obtained  by  dis- 
tiUation  of  seven  parts  of  dried  sodic  formate  with  six  parts  of  90  % 
alcohol  and  ten  parts  of  sulphuric  add,  or  better  by  heating  glycerine 
with  oxalic  add  and  alcohol  in  a  vessel  provided  with  an  inverted 
condenser  (oomp.  §  567).  It  boils  at  55^  and  dissolves  in  ten  times 
its  weight  of  water. 

Methylio  (usetate,  CH3.O.CO.CH3,  occurs  ready  formed  in  crade 
wood  spirit.  It  boils  at  56°  and  has  sp.  gr.  *956  at  0°.  The  first 
chlor  substitution  product  is  metheneiicetO'chloridef  CI.CH3.O.CO.CH3, 
an  oil  boiling  at  115°-116°,  which  on  heating  with  water  is  converted 
into  acetic  and  hydrochloric  acids  and  methylic  aldehyde. 

618.  04H80a.  FropyUc  formate,  CH3.CH2.CH2.O.CO.H,  boils  at 
82'5°-83°. 

Ethylic  acetate,  CH3.CH2.O.CO.CH3,  is  best  prepared  by  distilling 
ten  parts  of  sodic  acetate  with  a  mixture  of  fifteen  parts  of  sulphuric 
add  and  six  parts  of  alcohol.  In  order  to  remove  any  alcohol  from 
the  distillate,  it  is  shaken  several  times  with  small  quantities  of  a 
saturated  solution  of  common  salt,  and  the  acetate  then  separated  and 
dried  by  distillation  over  caldc  chloride. 

Pure  ethylic  acetate  is  a  clear  thin  liquid  of  refreshing  odour, 
boiling  at  72°-74°  and  dissolving  in  about  eleven  times  its  weight  of 
water,  the  latter  soon  partially  decomposing  it  into  acid  and  alcohol. 
It  has  sp.  gr.  -9068  at  15°. 

On  adding  sodium  to  perfectly  pure  ethylic  acetate  it  dissolves 
with  heating  and  evolution  of  but  httle  gas  to  a  mixture  of  sodic 
ethylate  and  ethylic  aceto-sod-acetate  (see  ketonic  acids). 

Methylic  propionate  is  not  known. 

614.  CgHioOa-  Of  the  numerous  possible  salts  of  this  molecular 
formula  (foiu*  butylic  formates,  two  propylic  acetates,  ethylic  pro- 
pionate, and  two  methylic  butyrates)  Uie  following  have  been 
suiiiciently  investigated  : — 

Propylic  acetate,  CH3.CH2.CH2.O.CO.CH3,  is  a  colourless  liquid, 
boiling  at  103°,  of  sp.  gr.  -899  at  15°. 

Isopropylic  acetate,  (OH3)2:CH.O.CO.CH3,  boils  at  90°-92°. 

Ethylic  propionate,  CjHg.O.CO.CaHs,  boils  at  99°-100°  and  has 
sp.  gr.  -8945  at  17°. 

MeihyUc  btUyrate,  CH3.O.CO.CH2.OH2.CH8,  boils  at  93°,  smells 
like  butter,  and  has  at  0°  sp.  gr.  *9091. 

618.  CgHiaO^.  /«oawy/ic}brma<e,  (CH8)2:CH.CH2.CH2.0.CHO, 
boils  at  112°,  has  sp.  gr.  *8945  at  0°,  and  has  an  agreeable  fruity 
odour. 
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« 

Primary  hutylic  acetate,  CH8.CH2.CH2.CH2.O.CO.CH3,  boiling 
point  125°,  sp.  gr.  -8768  at  23**. 

Secondary  hutylic  acetate,  ^^  ^^»>CH.O.CO.OH8,boil8atllP, 

sp.  gr.  -892  at  0°. 

Primary  isohutylic  acetate^  (CH3)a:CH.OH2.0.02H80,  boils  at 
114%  sp.  gr.  -8845  at  16°. 

Tertiary  isohutylic  acetate,  (CH3)3.C.O.C2H30,  boils  at  96°. 

Propylic  propionate,  CH3.CH2.CH2.O.CO.O2H5,  boils  at  124-6°. 

Ethylic  hutyrate,  C2H5.O.CO.CH2.OH2.OH3,  is  an  oil  boiling  at 
121°,  of  agreeable  anise-like  odour,  and  of  sp.  gr.  *9003  at  18°.  JEthy- 
He  isohutyrate,  C2H5.0.CO.CH:(CH3)2,  boils  at  113°. 

Methylic  isovakrate,  CH3.0.CO.CH2.CH:(CH3)2,  boils  at  112% 
sp.  gr.  -896  at  0°. 

616.  C7H14O2.     Normal  primary  amyUc  acetate  : 

boils  at  148*5°.     Nonnal  seconda/ry  amylic  acetate: 

CH3.CH2.CH2  }  CH.O.C2H3O, 

boils  at  140°.     Primary  isoamylic  acetate  : 

(CH3)2  :CH.CH.CH2.0.C2H30, 
boils  at  133°,  and  bas  tbe  odour  of  jargonelle  pears.     Secondary  iso- 
amylic acetate,  (^^3)2:^  j  CH.O.C2H3O,  boils  at  125°. 

Isohutylic  p7'opionate,  (CH3)2  :CH.CH2.0.C3H50,  has  boiling  point 
135-7°. 

Isopropylic  hutyrate,  (CH3)2:CH.O.CO.CH2.CH2.CH3,  boiling 
point  128°,  sp.  gr.  -878  at  0°. 

Ethylic  valerate,  C2H.vO.CO.CH2.CH2.CH2.CH3,  boils  at  144*5°  ; 
ethylic  isovakrate,  CoH5.0.CO.CH2.CH:(CH3)2,  at  133°;  BJidi  ethylic 
trimethyl  acetate,  C2H6.O.CO.C  i  (CH3)3,  at  118*5°. 

Methylic  caproate,  CH3.0.C6H,iO,  has  an  unpleasant  odour  and 
boils  at  131°. 

617.  CgHigO.  Tbe  following  are  the  best  known  salts  of  this 
foimula  : — 

Hexylic  acetate,  CH3.CH2.CH2.CH2.CH2.CH2.O.C2H3O,  an  oil  of 
agreeable  fruity  odour,  boiling  at  169°-170°. 

Butylic  hutyrate,  CH3.CH2.CH2.CH2.O.CO.CH2.CH2.CHJ,  boils 
at  165-5°. 

Isohutylic  isohutyrate,  (CH3)2:CH.CH2.0.CO.CH:(CHj)2,  boils 
at  142°,  sp.  gr.  *8702  at  0°. 

Ethylic  caproate,  C2H5.O.CO.CH2.CH2.CH2.CH2.CH3,  boils  at 
167°. 

Ethylic  isocaproate,  C2H6.0.CO.CH2.CH2.CH:(CH3)2,  boils  at 
160-5°. 

Ethylic  dieth-acetate,  C2H5.0.CO.CH:(C2H5)2,  boils  at  151°. 

618.  C9Hig02.  Ethylic  cenanthate,  C2H5.O.C7H13O,  is  an  oil  of 
agreeable  odour,  boiling  at  187°-188°,  of  sp.  gi:.  -8735  at  16°.  The 
aroma  of  old  wines  appears  to  be  in  part  due  to  this  body. 
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OioH,o02.  HexyUc  hutyrate,  C6H13O.O4H7O,  and  octylic  acUcUe, 
OgHiyO.CfHsOi  form  together  that  part  of  the  oil  of  HercuHeum 
gigcmteum  which  distils  between  201°  and  206°.  The  latter  also 
forms  the  chief  oonstitaent  of  the  oil  of  fferadeum  Spondylium  (§§  171 
and  173). 

/«aamy«c  «()fwfera^,  (CH3)  j:CH.CH2.CH2.0.CO.CH2.CH:(CH8)2, 
is  formed  as  a  bye  product  in  the  oxidation  of  fermentation  amylic 
alcohol  to  isoyaleric  add.^  It  boils  at  188°  and  smells  agreeably  like 
apples. 

Ethylic  caprykUe,  CsHs.O.CgHi^O,  also  boils  at  188°. 

CiiHsjOs.  Ethylic pekirgonate,  CjHs.O.CgH,  7O,  smells  like  Pelar- 
gonium roseum,  boils  at  207°  and  has  sp.  gr.  '86. 

C12H24O2.  Normal  hexylic  caproate,  CeHij.O.CgHiiO,  is  ob- 
tained in  tiie  oxidation  of  normal  primary  hexylic  alcohol  as  an  oil  of 
&int  odour,  boiling  at  245*5°,  and  of  sp.  gr.  '865. 

Ethylic  caproate,  OjHs.O.CioHigO,  boils  at  226°,  sp.  gr.  -862. 

^u^28^s-  Ethylic  laurcUe,  C2H5.0.0|2H2aO,  obtained  by  the 
action  of  hy^'ochloric  add  on  a  solution  of  lauric  add  in  alcohol,  boils 
at  264°  and  solidifies  in  crystals  on  cooling. 

CieHa20.  Ethylic  myriatate,  C2H5.O.C14H27O,  is  an  easily 
fusible,  colourless,  crystalline  mass.  Normal  caprylic  octylate, 
CgHiyO.CgHijO,  boils  at  297°-299°,  has  sp.  gr.  -8625. 

619.  'Hie  ethylic  salts  of  the  acids  richer  in  carbon  are  all  prepared 
by  saturation  of  their  alcoholic  solutions  with  hydrochloric  acid ;  they 
are  crystallisable,  wax-like,  brilliant,  colourless  masses. 

^^^/tC|>a^i^a^,C2H5.0.Ci6H3jO,  melts  at  24*2° ;  ethylic  atearate, 
O2H5.O.C18H35O,  at  33-7°;  ethylic  arachidate,  C2HVO.C20H39O,  at 
50°;  and  ethylic  cerotate,  C2H5.O.C27H53O,  at  59°-60°. 

CetyUc  a/cetatCf  isomeric  with  ethylic  palmitate,  is  obtained  by 
saturation  of  a  solution  of  cetylic  alcohol  in  glacial  acetic  add  with 
hydrochloric  add.     It  crystaUises  in  needles  melting  at  18*5°. 

620.  The  highest  members  of  this  series  form  the  chief  constituents 
of  vegetable  and  animal  wax. 

Cetylic  palmitate,  CieHjj.O.CjeHjjO.  Spermaceti  consists  in 
great  part  of  this  substance.  It  is  obtained  by  crystallisation  and 
pressing  from  the  oil  occurring  in  the  bones  of  the  skull  of  certain 
spedes  of  whales  (Phyaeter  macrocephaJua  and  Delphinua),  and  forms 
a  colourless  mass  of  laify  crystals  of  waxy  lustre.  In  the  pure  state 
it  melts  at  49°. 

Beea'-fvax  is  a  mixture  of  several  bodies,  which  are  partially 
soluble  (chiefly  cerotic  acid),  partially  insoluble  in  boiling  alcohol. 
The  chief  ingredient  of  this  latter  portion  is  meUiasylic  palmitate^ 
03oHei.O.Oi6H3jO  (comp.  §  179). 

Chinese  loax,  a  body  of  leafy  crystallme  fracture,  consists  of  cerylic 
cerotatey  C27H55.O.C27H58O. 

A  variety  of  wax  is  obtained  by  extracting  meadow  hay  with  hot 
alcohol ;  it  consists  of  meUiaaylic  meUiaaate : 

^60^120^2  ^  C53oHei0.03QH590, 

Wax-like  substances  are  widely  diflused  in  plants — e.g.  on  the  sur- 
face of  green  leaves,  stalks,  and  many  fruits  (pears,  apples,  cherries, 
&c.)    These  still  require  investigation. 
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SaU$  of  the  Fatty  Adds  tokh  the  Diad  RadioaUj  CnHsa* 

621.  AlkyHdene  Salts. — The  more  important  of  these  compoundB 
hATB  already  been  mentioned,  more  eepecudly  the  formation  and  pro- 
perties of  methene  dictcetate,  Cn3:(O.C2H30)2  (§389);  ethyUdene 
diacetate,  CHa.CH :  (O.C2H30)2,  boiling  point  169°  (§  393) ;  and  6%- 
Udene  aceto^hloride,  CHa.CHCl.O.CaHaO,  boiling  at  120°-124^ 

6S2.  The  salts  of  the  ole/mes  have  already  been  mentioned  as  in- 
termediate products  between  the  olefine  haloids  and  the  glycols.  In 
their  formation  and  decomposition  they  resemble  the  salts  of  the 
alkyls,  but  from  the  diad  natnre  of  their  radicals  exhibit  some  modi- 
fication, especially  in  the  methods  of  preparation. 

On  heating  a  glycol  with  a  fatty  add,  a  basic  salt  is  first 
obtained : 

C„H2n(OH).O.Cn'H2n  _.iO, 

for  whose  conversion  into  the  neutral  salt  a  considerably  higher  tem- 
perature and  excess  of  acid  is  requisite. 

In  the  reaction  between  olefine  dihaloids  and  salts  of  the  f&tty 
adds,  normal  ethei'eal  salts  only  are  formed,  when  the  free  add  itself 
is  also  present.  If,  on  the  other  hand,  alcohol  be  employed  as  a  sol- 
vent, only  bade  salts  of  the  olefine  and  alkyl  salts  are  formed  (§  483). 

On  adding  acidoxyl  chlorides  to  the  glycols,  an  energetic  reaction 
ensues,  whose  chief  product  is  an  olefine  diloro  salt : 

OH,.OH  CH2.0.CjH80 

I  +  CI.CO.OH3  =1  +  H,0      . 

OH2.OH  CHa.Cl 

The  same  product  is  also  formed  in  condderable  quantity  when  hy- 
drochloric add  gas  is  passed  into  a  mixture  of  a  glycol  with  an  excess 
of  an  organic  add  : 

OH2.OH  0Ha.0.0jH30 

I  +  2HO.CaH30  +  2HC1  =  |  +  H,0 

CH2.OH  CH3.CI 

+  HO.C2H3O  -h  Ha. 

Add  anhydrides  yield  either  bade  or  normal  salts  with  the  glycols, 
according  to  the  proportions  of  the  ingredients  employed  : 

CnH2n(OH)2  +  (C„.H2„'_iO)20  =  CnH2n(OH).O.C,^H2„._,0 

+  H0.Cn'H2n'_l0 

CnH2n(0H)2  +  2(C„.H2„'«i0)a0  =  CnH2n(0.Cn'Han..,0)a 

+  2HO.On'H2n'_iO. 

Whilst  the  ethers  or  dialkyl  oxides  scarcely  react  with  organic  adds, 
the  olefine  oxides  readily  combine  with  them,  forming  bade  salts  : 

CHav  CH2.0.0aH30 

I        yO  +  HO.C2H3O  = 
CH2/  CH2.OH 

and  with  equal  readiness  with  the  anhydrides  forming  the  normal  salts : 

CHav  CHa.0.CaH30 


N)  +  0(CaH30),  =  T 
ok/  CHa.0.0aH30 

B  B 
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623.  The  acetateB  are  best  known  of  these  compounds.  A  short 
notice  of  the  characteristics  of  some  few  members  will  suffice. 

Ethylene  hydrate  acetate  is  a  liquid  miscible  with  water,  boiling  at 
182°.  Ethylene  diacetate  requires  seven  times  its  weight  of  water  for 
solution,  and  boils  at  186°.  Ethylene  aceto-Moride  is  readily  pre- 
pared by  action  of  hydrochloric  add  gas  on  the  basic  acetate : 

OHa.O.OaHaO  CHj.O.OjHaO 

]  +  HOI  =  I  +  HjO 

CHj.OH  PHa.01 

and  by  heating  ethylene  hydrate  chloride  with  acetic  anhydride  to 
110°: 

CHa.OH  CHa.O.OjHaO 

I  +  0.{0jH80)j  =  I  +  HO.OjH.O 

OHa.Cl  CHj.Ol 

it  is  isomeric  with  ethylidene  aceto-chloride,  and  boils  at  195°. 

The  basic  salt  yields  with  hydrobromio  acid  gas  ethylene  bromo- 
acetate,  Br.CHa.CHQ.O.C^HaO,  and  with  hydriodic  acid  ethylene  ace- 
to-iodidef  which  cannot  be  distilled  without  decomposition,  and  which 
is  readily  converted  into  ethylic  acetate  by  excess  of  hydriodic  acid  : 

I.CHa.CHj.O.C2H80  f  HI  =  I^  +  CHj.CHa  C.G^HjO. 

The  three  haloid  acetates  of  ethylene  are  liquids  which  sink  in  water, 
and  on  saponification  yield  ethylene  oxide : 

OHa.O.CjHaO  KO.CjHsO  CHav 

I  +  2K0H  =  +  HaO  +  I        >0 

CHa.Ol  Ka  CHa^ 

The  following  basic  ethylene  salts  are  also  known : — Ethylene 
hydrate  hutyraU,  CaH4(OH).O.C4H70,  boiling  point  220° ;  the  iso- 
valeraU,  C2H4(OH).O.C5H90,  boiling  point  about  240°.  The  neutral 
hutyrate,  CaH4(0.04H70)2,  boiling  at  240°  ;  the  neutral  iaovaleratey 
boiling  at  255°.  Double  salts  are  also  known,  such  as  ethylene  a^xto- 
btUyrate,  CaH4(O.CaH30)(O.C4H70),  boiling  at  208°-215°,  and  the 
aoeUhisovalerate,  C2H4vO.CaH30)(0.05H90),  boiling  point  about  230°. 
All  the  above  neutral  salts  are  oily  liquids.  Ethylene  distearate^ 
CaH4(O.C|gn350)ay  is  solid  and  crystallises  in  plates  which  melt 
at  76°. 

Acetates  of  the  polyethylenic  glycols  (§  506)  are  also  known. 
Of  the  salts  of  higher  members  of  the  series  there  may  be  mentioned — 

Propylene  diacetate,  OH3.CH(O.C2H30).CH2.(O.C2H30),  boils  at 
186° ;  the  isomeric  trimethene  diacetate  : 

CaH3O.O.0Ha.CH2.CHa.O.CaH3O, 

boils  at  203°-205°.     BtUylene  diacetate  boils  at  200° ;  isoamylem  dir 
acetcUe^  at  above  200°. 

Anhydrides  of  the  Fatty  Adds, 

6SML  Tf  two  oxygenated  acid  radicals  are  combined  together  by 
means  of  an  oxygen  atom,  the  anhydrides  of  monobasic  acids  result  : 

C^'Han'^  J. CO  >^Q 

vy||"Xi  an"  +  I  •  v/vP*^ 
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whose  general  molecular  formula  is  CnH2n_203.  Their  preparation 
is  not  effected  directly  from  the  acids,  like  the  ethers  from  the  alcohols, 
but  is  accomplished  readily  by  the  reaction  of  the  acid  haloids  on  an- 
hydrous salt  of  the  acids,  the  sodium  salts  being  generally  taken. 
The  reaction  is  accompanied  by  considerable  evolution  of  heat  and 
separation  of  sodic  chloride.  If  both  the  salt  and  acid  haloid  em- 
ployed contain  the  same  add  radical,  the  so-called  nmph  anhydridei 
are  formed : 

OnM^+  i.CO.Cl  +  NaO.CO.Cn'H2n,+ 1  =  NaOl 

-f-  Cn'Hjn'  ^  I  .CO.O.CO.Cn'H jQ.  ^  | , 

whilst  if  derivatives  of  different  acids  be  used,  mixed  anhydrides  are 
obtained  : 

Cn'Han  +  i.COCl  -h  NaO.CO.On''Han-+i  =  NaCl 

If  the  resulting  anhydride  can  be  volatilised  unchanged,  it  is  separated 
from  the  sodic  chloride  by  distillation ;  in  other  cases  the  mixed  pro- 
duct is  extracted  with  ether,  which  dissolves  the  anhydride  only  and 
yields  it  again  on  evaporation. 

In  preparing  the  '  simple '  anhydrides  it  is  not  necessary  to  first 
prepare  the  add  chloride,  as  the  formation  of  this  can  be  combined 
with  its  action  on  the  salt  into  a  single  operation  by  decomposing  four 
molecules  of  a  salt  with  one  molecule  of  phosphoric  oxychloride 
(oomp.  §  603) : 

POCI3  +  4NaO.CnHjn_iO  =  NaOPOa  +  3NaCl  +  2(OnH2n-.iO)aO. 

625.  The  add  anhydrides  are  very  unstable  compounds  in  the 
presence  of  water  or  alcohol.  At  first  they  do  not  mix  with  water, 
but  soon  decompose  with  it  into  free  acid  : 

(CnH2„_iO)20  -h  OHj  =  2CnH2,^iO.OH ; 

with  alcohols  they  yield  the  free  add  and  ethereal  salt  : 

(CnHjB»_iO)20  +  Cn'Hjm+i.OH  =  CnHan+i.O.CnHja-lO 

+  CnHan_iO.OH. 

They  are  still  more  readily  decomposed  by  basic  oxides. 

On  heating  with  chlorine  they  yield  add  chlorides  and  chlor 
substituted  acids : 

CnHjn+i.CO.O.CO.CnHjn  +  l  +  ^Ij  =  OnHjn +1.0001 

-h  CnHanCl.CO.OH. 

626.  Baric  peroxide  converts  the  anhydrides  into  peroxides  of  the 
acid  radicab,  heat  being  evolved : 

.0  /CO.CnHan+i  /O.OO.OnHan+i 

Ba<  I  +  20/  =  Ba< 

X)  XJO.CnHjn+l  X).C0.0nHtt  +  i 

O.CO.OnHjn^  I 

+  I 

O.OO.CnHjn  4. 1 
B  B  2 
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These  latter  compounds  can  also  be  obtained  bj  action  of   add 
chlorides  on  baric  peroxide : 

O.CO.CH3 
BaO,  +  201.(X).0H,  =  BaCl,  +   I 

O.OO.OHa 

627.  AoeHo  anhydride,  dtacetyl  oxide,  O4H6OS  =  (CHs.CO)^  is 
obtained  when  one  part  of  phosphoric  ozychloride  is  aUow^  to  slowly 
drop  on  three  parts  of  finely  powdered  anhydrous  sodic  acetate,  or 
when  equal  weights  of  acetic  chloride  and  sodic  acetate  are  similarly 
mixed.  The  reaction  is  conducted  in  a  tubulated  retort,  and  at  its 
completion  the  acetic  anhydride  distilled. 

It  is  a  colourless,  mobile  liquid,  of  1*073  sp.  gr.  at  20^,  138^  boiling 
point,  and  3*47  vapour  density.  It  at  first  sinks  in  oily  globules  in 
pure  water,  but  soon  diBSolves  with  evolution  of  heat  and  conversion 
into  acetic  acid.  On  heating  with  potassic  acetate  it  dissolves  two 
molecules  of  this  salt,  forming  a  crystalline  compound  corresponding 
to  potassic  diacetate  (§  575)  : 

0Ha.C<2>0.CHa 

2KO.CO.CH3  +  (CO.CHa),0  =  OK      0 

OK       I 


^S'^^^SQ/ 


OHa.O^i^i^COHa 

If  chlorine  gas  be  passed  into  acetic  anhydride  contained  in  a  tubu- 
lated retort,  and  heated  to  100^,  chlor-acetyl  distils,  whilst  monochlor 
acetic  add  remains  behind. 

628.  When  baric  peroxide  is  added  to  acetic  anhydride  mixed 
with  ether,  heat  is  evolved  and  baric  acetate  separates.  The  ethereal 
solution,  decanted  from  the  latter  and  evaporated,  yields  a  residue  of 

CHa.CO.O 
Acetoxyl  peroxide,  |  ,  as  a  viscous  liquid  of  persistent 

CHa.CO.O 
taste,  not  misdble  with  water.     On  slight  heating  it  explodes  with 
great  violence.     It  decolorises  indigo  solution,  liberates  iodine  from 
potassic  iodide,  and  yields,  with  banc  hydrate,  baric  acetate  and  baric 
peroxide : 

(C2H30)aOa  +  2Ba(OH)2  =  Ba(O.C2H80)a  +  BaOgHs. 

629.  The  other  anhydrides  resemble  acetic  anhydride  so  closely 
that  a  very  short  description  will  suffice. 

Fropionic  cmhydride,  (CHg.CHa.COJaO,  boils  at  165°. 

Butyric  cmhydridey  (0H3.CHa.CH2.CO)2O,  boiling  point  about 
190°,  sp.  gr.  *978,  vapour  density  5*38  (calculated  5*44). 

Jsovalerid  anhydride,  (TCHaJa  :  CH.CHa.C0)20,  boils  at  215°. 

Caprylic  anhydride,  (07Hi5.CO)aO,  solidifies  in  ciystals  at  —18°, 
is  liquid  at  0°,  and  boils  with  partial  decomposition  between  180°  and 
190°. 

Felargonic  anhydride,  (C8H,7.CO)aO,  solidifies  at  0°,  melts  at 
+  5°,  and  cannot  be  distilled  without  decomposition. 

MyriiUo  anhydride,  (Ci|H,a.C0)20,  is  a  fatty  mass  which  melts 
at  54°. 
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630.  Some  oompounds  may  be  mentioned  here  which  are  the 
mixed  anhydrides  of  fatty  and  inorganic  acids. 

Aceto-hypoMorotts  anhydride,  chlorine  acetate,  CH3.CO.OI,  formed 
on  strongly  cooling  acetic  ajihydride  and  chlorine  monoxide  : 

(02H80)aO  +  CI2O  =  2C2H8O.O.CI, 

as  a  colon  rless  liquid,  not  miscible  with  water,  which  on  heating  to  100° 
explodes  violently,  and  is  decomposed  by  water  into  acetic  and  hypo- 
chlorous  adds.  It  absorbs  ethylene  with  formation  of  ethylene  aceto- 
chloride  : 

CH2  CH2OI 

II       +  CI.O.CO.CH3  =   I 

CH2  CH2.0.C0.CHa 

AcetO'iodous  amhydride,  or  iodine  triacetcUe,  1(0. CO. 08^3)3,  is  ob- 
tained, by  passing  chlorine  monoxide  into  a  solution  of  iodine  in  acetic 
anhydride,  as  colourless  prisms,  which  explode  between  100°  and  140° 
and  deliquesce  in  moist  air. 

Aoeto-pyrophosphorotts   acid,    ^Kv(OH^(0  C  H  O^'  ^  preparod 

by  the  action  of  acetic  chloride  on  phosphorous  acid  : 

2P(OH)3  +  2CIC2H3O  =  2H01  +  H0.CaH30  +  P2(02H30)H305. 

It  yields  dibasic  salts  with  the  metals,  and  in  the  case  of  lead  a  tri- 
basic  salt.  On  oxidation  with  hydric  peroxide  (baric  peroxide  in 
presence  of  hydrochloric  acid)  it  yields  the  tribasio  aceto-pyropho9- 
phoric  a/yid : 

^\PO(OH).O.C2H30 

Aceto-ortJw-aUicic  anhydride,  silicon  tetraceta/te,  Si(0.02H30)2,  is 
obtained  on  heating  a  mixture  of  one  molecule  of  silicic  tetrachloride 
and  four  molecules  of  acetic  acid  (with  elimination  of  4HC1),  or  with 
four  molecules  of  acetic  anhydride  (together  with  4Cl.CO.CH3).  On 
cooling  the  compound  crystallises  in  white  quadratic  prisms,  melting 
at  110°,  boiling  at  148°  under  a  pressure  of  6  mm.,  but  decomposing 
at  160°-170°  into  silica  and  acetic  anhydrides  : 

Si(O.CO.CH3)4  =  SiOa  +  20(CO.OH3)a. 

Thio-Acids,  their  Salts  amd  Anhydrides. 

631.  On  adding  liquid  fatty  acids  to  phosphorus  tri-  or  penta- 
sulphide,  oxides  of  phosphorus  and  thio-acids  are  formed,  with  evolu- 
tion of  heat.     The  thio-acids  can  be  purified  by  distillation  : 

P2S5  +  5HO.CO.CnH2n+i  =^  P2O5  +  5HS.CO.CnH2n+i. 

In  similar  manner  the  anhydrides  and  phosphorus  sulphides  yield 
thio-anhy^rides — diacidoxyl  sulphides  : 

P2S5  +  50(CO.CnH2„+i)2  =  Pa05  +  5S(CO.CnH2n+i)2. 

£thereal  thio-salts  are  prepared  from  metallic  mercaptides  and  add 
chlorides : 

CnH2n+  iSK.  4"  CLCO.Cn'Han'+i  =K.C1  +  CnH2n4.i>S.CO.C||«H3i|'^  ji 
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or  from  alkyl  haloids  and  metallic  salts  of  thio-acids  : 

CnHan+iI  +  NaS.00.Cn.Hjn  + 1  =  Nal  +  CnHjn+i.S.CO.CnHjn'+l. 

The  ethereal  ozy-salts  can  also  be  converted  into  thio-salts  by 
action  of  phosphorus  sulphides,  but  further  decompositions  readily 
ensue. 

Thio-anhydridee  are  slowly  converted  by  water  into  oxy-  and  thio- 
acids: 

S(00.0n'H9n'+l)a  +  HjO  =  HO.CO.Cn'Hjn  + ,  +  HS.CO.On'H»'  +  i. 

632.  By  action  of  nitric  add  the  sulphur  of  the  thio  compounds  is 
oaddisedy  the  thio-adds  and  anhydrides  yielding  sulphuric  and  &tty 
adds: 

HS.OO.0n'H2n'+i  +  40  +  HaO  =  HaS04  +  HO.CO.CnH»i'+i    . 
S(CO.0„,HjB,,+ ,)a  +  40  +  2H3O  ==  HjSO^  +  2H0.C0.Cn.Han.fi. 

The  ethereal  thio-salts  yield  the  respective  a]kyl  sulphonic  adds  and 
fiitty  adds : 

CnHan+i.S.C0.0n'H»+i  +  30  +  HjO  =  CnH»+i.SOt.OH 

+  H0.C0.Cn'H2n.fl. 

633.  Thio  derivativee  of  formic  acid  have  not  yet  been  prepared 
in  the  pure  state.  By  the  decomposition  of  plumbic  formate  by 
hydric  sulphide  there  is  formed — especially  when  the  temperature  is 
high  (200*^-300°) — a  crystalline  sulphuretted  product,  which  was 
formerly  taken  for  thio-formic  add,  but  later  has  been  shown  not  to 
possess  a  definite  composition. 

634.  Aoetoxyl  Derivatives, — Thiacetic  acidy  CH3.CO.SH,  is  formed, 
in  addition  to  the  above-mentioned  reactions,  by  the  action  of  acetic 
chloride  on  potassic  sulph-hydrate  j  it  is  a  colourless  liquid,  soon  turns 
yellow,  and  has  an  odour  resembling  both  acetic  add  and  hydric 
sulphide.  It  mixes  in  every  proportion  with  alcohol  and  ether,  but 
is  more  difficultly  soluble  in  wat^.  It  boils  at  93^,  has  at  10^  sp.  gr. 
1*074,  and  does  not  solidify  at  —17°.  Phosphoric  pentachloride 
reacts  on  it  as  on  acetic  add. 

PClfi  +  HS.CO.CHa  =  PSClj  +  HCl  +  CLCCCHj. 

Its  salts  are  mostly  crystalline  and  readily  soluble.  Plumbic  thi- 
acetate,  Pb(S.CO.CH3)2,  forms  characteristic  colourless  needles,  which 
after  some  time  blacken,  with  formation  of  plumbic  sulphide  and 
probably  of  sulphacetic  anhydride. 

Eihylio  thiacetate,  C2H5.S.CO.CH3,  is  an  oil  which  floats  on 
water  and  boils  at  117°. 

Thiacetic  anhydridey  diacetoxyl  sulphide^  is  a  yellowish  oil,  which 
boils  at  121°,  at  first  sinks  in  water,  and  then  slowly  dissolves  to 
acetic  and  thiacetic  acids. 

Diacetoxyl  distUphide,  S2(CO.Cn3)],  is  formed  according  to  the 
general  method  for  obtaining  disulpmdee  (§  242)  by  d^pomposing 
alkaline  thiaoetates  with  iodine : 

S.CO.CH3 
2KS.OO.CH3  +  If  =  2KI  +   1 

S.OO.CH3 

It  is  a  yellow  crystalline  body,  decomposed  on  distillation. 
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886.  Thiohuiyric  acid,  CHs.CHj.CHj.CO.SH,  is  a  Uquid  of 
nauseous  odour,  boils  at  130°,  and  is  nearly  insoluble  in  water. 

Nitrogen  Compounds  of  the  Acid  OxyU, 

688.  Formation, — The  acid  oxyls  can  be  substituted  for  the 
hydrogen  of  ammonia  in  similar  manner  to  the  alcohol  radicals, 
whereby  first  amide  (NHj)  compounds,  the  add  amides,  are  formed. 
They  are  obtained  by  action  of  the  acid  haloids  on  ammonia  : 

CnHjn+iCO.Cl  +  2NH3  =  CnHan+i.CO.NHa  +  NH.Cl, 

and  can  be  separated  from   the  accompanying  ammonic  salts  by 
solution  in  anhydrous  alcohol  or  ether. 

They  are  prepared  more  conveniently  from  the  ethereal  salts  of 
the  fatty  acids,  which  by  long  standing,  or  more  quickly  by  heating 
with  ammonia  solution,  are  decomposed  into  alcohols  and  add 
amides  : 

CnHjn  +  i'O.CO.Cn'Hjii'+i  +  NH3  =  CnHjn  +  i-OH 

+  NHj.CO.On'Eljii'^  I 
0„Hjn(O.0O.Cn.H2„,+  l)2  -f  2NH3  =  CnHjn(OH)t 

+  2NHa.C0.C„.Hj„.+  i. 

Those  members  of  the  series  which  can  be  distilled  unchanged  are 
usually  prepared  by  dry  distillation  of  the  ammonic  salts  of  the  acids : 

or,  what  comes  to  the  same  thing,  by  distillation  of  a  dry  mixture  of 
the  sodic  salt  of  the  fatty  acid  with  ammonic  chloride. 

The  anhydrides  are  decomposed  by  ammonia,  yielding  acid  amides 
and  ammonic  salts  : 

0{OO.On'H2n'+i)2  4-  2NH3  =  NH^.O.CO.Cn'Hjm+i 

837.  Dir  and  triacid  oxylamiine  compounds  cannot  be  obtained  from 
the  acid  amides  by  a  repetition  of  their  method  of  formation,  these 
bodies  being  only  obtainable  indirectly,  as  by  heating  the  add  nitriles 
with  the  adds  to  200°  : 

DiacidozylAmine,  or 
diadd  amide. 

and  with  the  anhydrides  : 

Cn'H2n'  + 1  .COv 
Cn'H2n'+l*C' jN  +  (Cn'H2n'4.|CO)20  ^    Cn'H2n'+ i»CO-^N 

Triacidoxylamines,  or 
triacid  nitriles. 

888.  If,  instead  of  ammonia,  alkylamines  are  employed  in  the 

method  of  preparing  add  amides,  there  are  obtained  aUcyl  acidoacyl- 

amines;  e.g. 

N^    *  +  CaHj.O.CO.CHa  =  CaHfi.OH  +  N^O.CH, 

Ethyl  aceiainiiM. 
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The  wtane  eompcrandi  are  obtained  bj  action  of  eUiereal  iaoGjraiiateB 
on  fiitty  acids: 

^^y      +  HO.OO.CH,  =  00,  +  N^O.CH, 
whilst  with  anhydrides  diadd-cacyl  aOn^aminu  are  formed : 

J^  yCO.CH, 

Etlijl 


889.  In  like  manner  to  their  action  on  ammonia^  the  add  chlorides 
also  react  on  other  ammonia  derivatiTes  in  which  there  is  still  hy- 
drogen united  to  nitrogen.  The  acid-oiyl  group  can  thus  be  inserted 
in  urea,  solph-nrea,  isocyanides,  Ac;  e.g. 

NH,.OO.NH,  +  CLCO.C„,H,^+,  =Ha 
+  NH,.CO.NH(CO.O„.H,^+i). 

Add-ozjl  HTM. 

C :  NAg  +  CLOO.CH,  =  Aga  +  0  j  N.CO.CH,. 

IwejraoaeetozjL 

840.  Fraperiiet. — ^WhOst  the  alcohol  radicals  can  only  be  sepa- 
rated  with  difficulty  from  the  nitrogen  united  to  them,  the  acid  ozyls 
are  readily  disunited  from  their  amide  compounds,  this  occurring  even 
by  heating  with  water,  which  unites  directly  with  the  monamides, 
forming  ammonic  salts : 

0,rH,„.+  ,.OO.NH,  +  H,0  =  CirH,„.+  ,. 00.02^4; 

more  readily  by  means  of  alkalies  : 

0„.H^+i.C0.NH,  +  HOK  =  C^H,^+,C0.0K  +  NH„ 

or  by  acids  in  presence  of  water : 

CnHto+i.COJNTH,  +  H,0  +  HCl  =  NH4CI  +  Ca.Htt.+  ,.C0.0H. 

Nitrous  acid  readily  ozidises  them,  with  liberation  of  nitrogen : 

0„.Hjft,r+,.CO.NH,  +  H0.N0  =  Bfi  +  N,  +  (VH,n  +  i.C0.0H. 

The  formation  of  acid  nitriles  or  alkyl  cyanides  by  heating  the 
acid  amides  with  phosphoric  anhydride  has  been  already  mentioned 
(§  545). 

Formoxyl  Compounds. 

n 


841.  Fortnyl  amide,  or  /ormamide,  CHjNO  =  C=zO,  is  formed 


NHj 
by  heating  ethereal  formates  to  100^  with  alcoholic  ammonia,  and 
l^  the  diT^  distillation  of  ammonic  formate ;  also  by  the  action  of 
nascent  hydrogen  on  potassic  isocyanate : 

0:0  0H:0 

+  2H  +  H,0  =  KOH  4-  | 

NHj 


L 
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It  is  a  colourless  liquid,  readily  soluble  in  water  and  alcohol,  which 
boils  at  1 92^-1 95^  partially  decomposing  into  carbonic  oxide  and 
ammonia: 

CHO.NH,  =  CO  +  NH3. 

Phosphoric  anhydride  converts  it  into  prussic  acid  (formo-nitrile)  : 

CHO.NH2  +  PaOft  =  2HP08  +  CHN. 

Ethyl  form-amide,  N(02H5)(CHO)H,  is  obtained  by  the  decom- 
position of  ethereal  formates  by  ethylamine,  as  also,  together  with 
chloroform,  by  distillaticm  of  a  mixture  of  chloral  and  ethylamine. 
It  is  a  liquid  which  boils  at  199^. 

CHj.NH.CHO 
Ethylene  diform-amide,  \  ,  is  obtained  as  a  trans 

CH2.NH.CHO 
parent  syrup  on  heating  chloral  with  ethylene  diamine : 

CaH^  :  (NHj)a  +  2CC18.CHO  =  CaH^  ;  (NH.CHO)a  +  20HC18. 

Alkalies  convert  it  into  an  alkaline  formate  and  ethylene  diamine, 
acids  into  formic  acid  and  a  salt  of  ethylene  diamine. 

Acetoxyl  Compoimds, 

642.  Acetamide,  CaHgNO  =  CH3.CO.NHa,  is  obtained  by  heat- 
ing ethereal  acetates  with  ammonia  to  100°-120°,  by  the  dry  distilla- 
tion of  ammonic  acetate,  and  other  general  methods.  It  forms  long 
colourless  needles,  which  smell  like  the  excrements  of  mice,  melt  at 
78°-79%  and  distil  at  222^  It  is  readily  soluble  in  alcohol,  diffi- 
cultly in  ether.  It  yields  weak  compounds  with  acids  which  are  de- 
composed by  water.  On  passing  hydrochloric  add  into  an  ethereal 
solution  of  acetamide,  lanceolate  crystals  separate  of  the  formula 
2CaH6NO,HCl,  or 

CH8.C^Q^C.CH8 

I  I  acetamide  hydrochloride, 

NHa     NH3CI 

which  on  heating  decomposes  partially  into  acetyl  diamine  hydro- 
chloride (§  554),  and  acetic  acid,  partly  into  ammonic  chloride  and 
diacetoxylamine : 

(CH8.CO.NH2)aHCl  =  NH4CI  +  (CH3.C0)aNH. 

A  solution  of  acetamide  in  concentrated  nitric  acid  yields,  on 
evaporation  of  the  excess  of  acid,  leafy  crystals  of  acetctmide  nitrate : 

N(CO.CH8)H3.0.NOa. 

On  boiling  an  acetamide  solution  with  mercuric  oxide,  and  evapo- 
rating the  filtered  liquid,  colourless  crystals  of  mercuric  aceU^mide : 

Hg[N(C,H,0)H]„ 
are  obtained. 

JSthyl  acetamide f  N(CaH5)(CaH30)H,  is  obtained  on  decomposing 
ethylic  acetate  with  ethyliunine,  and  by  action  of  acetic  add  on  ethylic 
isocyanate.    It  is  a  syrup  boiling  at  200^. 

643.  DiaoeUumde,  or  diacetylaminef  N(C0.0H3)aH,  is  obtained  by 
heating  acetamide  with  hydrochloric  add,  or  aoeto-nitrile  with  aoetio 
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add,  at  200°.  It  forms  colourless  crystals,  readily  soluble  in  water, 
melts  at  59^  and  boils  at  210^-215^ 

JSthyl  diaceta/mide,  N(C2H5)(CX).CH3)j,  is  formed  on  bringing  to- 
gether ethylic  isocyanate  and  acetic  anhydnde  : 

OC=N.C2H5  +  0((X).CH8)2  =  COj  +  N.C,H5.(CO.OH8)a. 

644.  Tricusetamide,  or  tri/cuxtyla/mine,  N(CX).CH3)a,  is  formed  by 
heating  a  mixture  of  aoeto-nitrile  with  acetic  anhydride  to  200°  : 

N :  C.CH3  +  0(C0.CH3)a  ^  ^(CO.OHa),. 

It  forms  small  colourless  crystals,  melting  at  78°-79°. 

645.  Acetyl  urea,  NH9.00.N(CO.CH3)n.  If  acetic  chloride  is 
poured  over  urea,  the  mass  becomes  heated,  with  evolution  of  hydro- 
chloric acid  and  formation  of  acetyl  urea.  The  same  compound  is 
also  formed,  together  with  acetic  acid,  by  the  action  of  acetic  anhydride 
on  urea. 

Acetyl  urea  crystallises  in  long  needles,  little  soluble  in  cold  water, 
melting  at  112°,  and  decomposing  at  higher  temperatures  in  cyanuric 
acid  and  acetamide,  similarly  to  the  conversion  of  urea  into  c^ranuric 
add  and  ammonia.  Acetyl  urea  does  not  yield  compounds  with 
adds. 

On  heating  carbonic  oxychloride  with  acetamide  to  50°,  diacetyl 
urea  is  formed : 

OOClj  +  2N(C2H30)H8  =  2HC1  +  CO(N.OaH30.H)8. 

The  hydrochloric  add  so  formed  reacts  in  turn  on  the  acetamide,  so 
that  aceto-nitrile,  water,  acetic  acid,  and  ammonic  chloride  are  also 
formed.  Diacetyl  urea  crystallises  in  colourless  needles,  which  are 
difficultly  soluble  in  cold  water  and  can  be  sublimed  without  de- 
composition. 

Acetyl  aulphrurea,  NH9.CS.NH^C2H30),  is  readily  prepared  from 
sulph-urea  by  action  of  acetic  chloriae  or  acetic  anhydride.  It  crystal- 
lises in  colourless  prisms,  which  melt  at  165°  and  dissolve  in  large 
quantity  in  water  and  alcohol. 

646.  Acetic  isocyanide,  cyanacetyl,  is  obtained  by  the  action  of 
acetic  chloride  on  argentic  cyanide  : 

CH3.CO.CI  4-  Ag.  N :  C  =  Aga  +  CH3.OO.N  :  C. 

It  is  a  liquid  boiling  at  93°,  which  is  decomposed  by  water  into  acetic 
and  hyd]X>cyanic  adds,  and  by  warming  with  aqueous  adds  into  acetic 
and  formic  adds  and  ammonic  salts  : 

CH3.CO.N  :  0  +  3H2O  +  Ha  =  CH3.CO.OH 
'+  NH4CI  +  CHO.OH ; 

and  on  long  standing,  or  by  contact  with  sodium,  is  converted  into  a 
crystalline  polymeric  compound,  melting  at  69°  and  boiling  at 
208°-209°. 

647.  Fropionamidef  OH3.CH2.CO.NH3,  crystallises  in  colourless 
prisms,  melting  at  75°-76°  and  boiling  above  210°. 

Butyrcmide,  CH3.CH2.CHa.CO.NHa,  melts  at  115°,  boilsat  216°. 
Isobutyramide,  {CK^)^ :  CH.CO.NHj  (§  549),  forms  crystals  of 
agreeable  odour,  melting  at  100°-102°. 
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Isovaleramide,  (0H3)a  :  CH.CH2.CO.NHj,  crystallises  in  leafy 
crystals. 

Amides  of  acids  richer  in  carbon  have  been  prepared  by  decom- 
position of  the  ethereal  salts  with  ammonia.  Their  melting  points 
are  as  follows:  osnanthamidef  CeH13.CO.NH3,  at  95®;  caprylamide, 
C7H15.CO.NH2,  at  110°;  palmitamide,  CigHai.CO.NHa,  at  93*5°. 

Mixtures  of  several  amides  are  obtained  by  shaking  the  fats,  the 
glyceric  salts  of  fatty  acids,  with  aqueous  or  alcoholic  ammonia : 

CaH5.(O.CnHan.iO)3  +  3NH3  =  03Hj(OH)3  +  aNH^.C^H^n-iO. 

Cn'Hjn' — 


Debiyativeb  of  the  Aldehtde  Alcohol  Eadicals, 


CH: 


648.  If  in  a  paraffin  three  hydrogen  atoms  have  been  so  replaced 
by  oxygen  -that  on  one  terminal  carbon  atom  two,  on  another  only 
one  substitution  position  occurs,  the  body  formed  in  the  simplest  case 
of  oxygen  union  will  be : 

CnHjuj.OH 

I 
CHO 

which  is  at  the  same  time  aldehyde  and  alcohol. 

Only  few  of  the  derivatives  of  their  triad  hydrocarbon  radicals, 
the  dUcenyls,  are  known,  and  these  are  mostly  halogen  compounds. 

When  the  substitution  positions  are  neighbouring,  double  union 
can  occur  between  the  carbon  atoms.    The  nuclei : 

Cq^Hju'+i 

C— H 

II 
C— H 


are  then  united  with  monad  elements  or  radicals,  and  have  the 
character  of  *  unsaturated  *  compounds — i.e.  can  combine  directly  with 
two  halogen  atoms,  like  the  olefines,  as  whose  first  substitution  pro- 
ducts they  appear. 

Eihenyl  Compownds, 

649.  The  radical  C2H3  =  CHj :  CH.  is  termed  vinyL 
Vinylic  chloridey  monoMor  ethylene,  CH2  :  CHCl,  is  obtained  from 
ethylenic  dichloride  by  action  of  alcoholic  potassic  hydrate  (§  473),  as 
also,  though  with  more  difficulty,  from  ethylidenic  chloride,  as  a 
colourless  gas  of  garlic  odour,  which  on  strong  cooling  is  condensed  to 
a  liquid  boiling  at  — 18°  : 

CHa.Cl.CH2a  4-  KOH  =  Ka  +  H2O  +  CHj  :  CHOI 
CH3.CHaj  +  KOH  =  KCl  +  H2O  +  CH2  :  CHCl. 

Vinylic    bromide,    monobrom    ethylene,     CH2 :  CHBr,   prepared 
similarly  to  the  foregoing  from  ethylene  dibromide  (§  474),  is  a 


380  BEBIYATIVES  OF  THE  ALDEHYDE  ALCOHOL  BADICAU3,  CnH^^f 

liquid  not  miacible  with  water,  of  boiling  point  23°.     Sodium  oon- 
▼ertB  it  into  a  mixture  of  ethylene  and  acetylene : 

CHt  CH         CH, 

VvnyUo  iodide^  moniod-ethylene,  boils  at  55°  and  has  sp.  gr.  1*98 
(§475). 

All  three  vinylic  haloids  are  converted  into  acetylene  when  heated 
with  alcoholic  potassic  hydrate. 

The  formation  and  properties  of  the  nitrogen  and  phosphorus 
bases  have  been  already  mentioned  (§  523). 

660.  Eihenyl  trihaloida  are  formed  from  the  vinylio  haloids  by 
direct  combination  with  halogens. 

Ethenyl  triMoride,  chlor-^thylene  dichloride,  CHaGl.CHCla,  is  a 
oolourless  oil  boiling  at  115°,  and  having  sp.  gr.  1*4223  at  0°. 

Ethenyl  trxbromide^  brom-ethylene  dibromide,  OHsBr.CHBrs, 
smells  like  chloroform,  and  does  not  mix  with  water;  it  boils  at 
186*5°  and  has  sp.  gr.  2*62  at  23°. 

Ethmyl  dichloride  ethylate,  CHjCl.CHC1.0.CaH5,  is  the  biMor 
ether  obtained  by  the  direct  action  of  chlorine  on  ether  (§  207).  To 
prepare  it,  perfectly  pure  ether  is  placed  in  a  flask  cooled  with  ice, 
and  chlorine  passed  into  it.  When  the  liquid,  coloured  green  by 
chlorine,  is  only  slowly  decolorised,  it  b  distilled  from  the  water  bath, 
when  ether  distils  over.  The  brown  residue  is  then  submitted  to 
fractional  distillation,  that  passing  over  between  140°-147°  being 
bichlor  ether,  which  is  purified  by  renewed  fractionation. 

Bichlor  ether  is  a  colourless  liquid,  of  sp.  gr.  1*174  at  23°,  and 
boils  with  slight  decomposition  at  145°.  It  dissolves  slowly  in  water, 
yielding  hydrochloric  acid,  alcohol,  and  apparently  aldehyde-like 
bodies.  For  its  conversion  into  ethyl  chlor-ether  and  secondary  normal 
butylic  alcohol  see  §  169,  2. 

Ethenyl  chloride  diethylate,  CH2C1.CH(0.C2H5)2,  chlor-acetal,  is 
formed,  together  with  further  substitution  products,  by  the  action  of 
chlorine  on  80  %  alcohol : 

CHa.CHa.OH  +  2HO.C3H5  +  2C1  j  =  CH201.CH(002H5)a 

+  HjO  +  3HC1. 
It  is  also  formed  by  slowly  adding  sodium  ethylate  to  bichlor  ether  : 

CHaa.CHa(0.CaH5)  +  NaO.OaHj  =  NaOl  +  CH301.0H(OOaH5)3, 

and  rectifying  the  oil  separated  by  water.  It  boils  at  157°,  has  sp.  gr. 
about  1*02,  and  is  not  altered  by  potassic  hydrate. 

Ethenyl  bromide  diethylate,  OH2Br.CH(O.C2H5)3,  brom-^uxtal,  is 
formed  by  dropping  bromine  into  cooled  acetal.  It  is  a  heavy,  colour- 
less oil,  boiling  with  partial  decomposition  at  170°. 

661.  A  very  violent  reaction  occurs  between  bichlor  ether  and 
concentrated  solution  of  potassic  hydrate ;  an  oily  liquid  separates, 
which  can  be  resolved  into  two  compounds  by  repeated  fiuctional 
distillation. 

Ethenyl  hydrate  ethylate  chloride^  or  fi-oonychlor  ether : 

CHt(0H).0HC1.0.CtH5, 
boils  between  151''  and  155°. 
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Ethenyl  chloride  ethylate  oxide,  [CHaCl.CH(OC2H5)]80,  boils  at 
163^-165°.  This  latter  body  results  from  the  decompoBition  of  the 
substance  next  to  be  described. 

Ethenyl  chloride  ethylate  hydrate,  a-oxychlor  ether,  or  mono- 
ohhr  aldehyde  alcoholate,  CHja.CH(OH)(O.C2H5),  is  obtained  by 
the  action  of  water  at  high  temperatures  on  bichlor  ether,  as  a  liquid 
boiling  at  between  OS^'-OG** : 

CHaCl.CHC^O.CaHft)  -f  HOH  =  HCl  -f  CH2Cl.CH(OH)(O.CaH5). 

On  repeated  distillation  it  decomposes  slowly  into  ethenyl  chloride 
ethylate  oxide  and  water.  The  reaction  of  potassic  hydrate  on  bichlor 
ether  is  represented  by  the  equation  : 

aCHjCl.CHCl(0.CaH5)  +  aKOH  =  aKOl 
+  6CHa(OH).CHCa.(OC2H6)  +  (a-6)OHjCl.CH(OH)(O.OaH5). 

662.  Monochlor  cddehyde,  or  ethenyl  chloride  oxide,  is  obtedned  by 
gently  heating  chlor-aceted  or  ethenyl  chloride  ethylate  hydrate  with 
concentrated  sulphuric  acid  : 

CH2Cl.CH(OH)(O.C2H5)  +  HjSO^  =  CaH5.HS04  +  HjO 

+  CHaCLCHO ; 

it  is  also  obtained  from  vinylio  chloride  by  oxidation  with  hypo- 
chlorous  acid : 

CHCl :  CH,  +  HOC!  =  CHja.CHO  +  HCl. 

In  presence  of  water  monochlor  aldehyde  can  be  distilled  below 
100°,  probably  as  ethenyl  chloride  dihydrate,  CHa.CH(OH)a. 

It  oxidises  in  the  air  and  reduces  argentic  oxide,  being  converted 
into  chloracetic  acid : 

CHjjCa  CHaOl 

C=0    +0=  c=o 

I  I 

H  OH 

653.  Oxycddehyde,  or  ethenyl  hydrate  oxide,  Cn2(0H).CH0,  has 
not  yet  been  obtained  in  a  state  of  purity,  but  is  formed  in  some 
quantity  when  bichlor  ether  is  heated  with  water,  or  /3-oxychlor  ether 
with  strong  sulphuric  acid : 

GH2Cl.CHC1.0.CaH5  +  2H2O  =  CH8(0H).CH0  +  2HC1 

+  HO.CaHft 

CH2(OH).CHCl(O.CaH6)  +  HJSO4  =  CH2(0H).CH0  +  HOI 

+  OaHs.HSO^. 

On  shaking  the  brown  mass  obtained  in  the  latter  case  with  ether, 
and  evaporating  the  ethereal  solution,  there  is  obtained  a  syrup  of 
persistent  aldehyde-like  odour,  which  oxidises  to  glyoollio  add  on 
exposure  to  air,  or  more  quickly  by  treatment  with  ajgentic  oxide  : 

CH2.OH       CHj.OH 

I      +0=1 
CHO         CO.OH 

Ozyaldehyde.  Olyoollio  add. 
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OxyaeeUd,  or  gfyeol  acetal,  CHa.(OH).CH(0.02H6)„  ethonyl  hy- 
drate  dietfaylate,  is  obtained  by  heating  brom-acetal  with  potafisio 
hydrate  to  160**.     It  is  a  liquid  of  agreeable  odour,  boiling  at  167°. 

e54.  Ethenyl  trUfhplate,  CHa(OC2H5).CH(OCaH5)3,  is  formed  by 
heating  chlor-acetal  witii  sodic  ethylate  to  1 40^-150*' : 

GH3CI  CUj.O.CjMj 

I  +  NaO.OaHfi  =  Naa  +    I 

CH(0.0,H6),  CH(O.C2H5), 

On  addition  of  water  it  separates  as  an  oil  boiling  atl68°y  of  sp.  gr. 
'8924  and  vapour  density  5*8. 

Ethenyl  triacetaU,  CH2(O.C2H80).CH(O.CjH30)2,  is  obtained  in 
small  quantity,  together  with  ethylene  diaoetate,  when  ethylenic 
diiodide  is  heated  with  argentic  acetate  and  glacial  acetic  add.  Yinylic 
iodide  is  first  formed,  HI  being  evolved  : 

CH2I.CH2I  +  AgO.CjHjO  =  AgH-  HO.CaH.O  +  CHj :  CHI, 

which  then  further  i*eact6  as  in  the  following  equation : 

CHj       CH2I  CH2.O.C2H3O 

|]       +   j         +  3Ag.O.CsH80  =  I 

OHI       CHjI  CH :  (O.CjHaO)^ 

CHa 
+  II       +  3AgI. 

CHa 

Ethenyl  triacetate  boils  somewhat  above  250°. 

665.  Propenyl  trichloride^  OHs.CHCl.OHCla,  is  formed,  together 
with  glyceryl  trichloride,  by  the  action  of  iodine  chloride  on  propylene 
dichloride  at  170° : 

CH3  CH3  CH3CI 

aCHCl  +  2aICl  =  al^  4-  aHCl  -f  60HC1  +  (a-6)CHCl 
CHaCa  CHClj  CH2OI. 

Propenyl  Glyceryl 

Trichlorides. 

Propylene  trichloride  is  a  colourless  oil,  distilling  between  138°  and 
140°. 

656.  Aldol,  OH3.CH(OH).CH2.CH.O,  a  true  aldehyde  alcohol,  is 
■  a  tii-derivative  of  butane. 

In  order  to  prepare  it,  a  mixture  of  ethylic  aldehyde  with  dilute 
hydrochloric  acid,  after  standing  fourteen  days,  is  neutralised  with 
soda  and  shaken  with  ether.  The  ethereal  layer  is  removed,  and 
yields  on  evaporation  impure  aldol,  from  which,  by  distillation  under 
reduced  pressure  (at  2  cm.  pressure  between  95°  and  105°),  pure  aldol 
is  obtained.  It  is  a  mobile  liquid  miscible  with  water,  sp.  gr.  1*1208 
at  0°.     Its  formation  occurs  according  to  the  eqiiation  : 

CH.  CH3 

CH :  O  OH.OH 

OHa  CH, 

0H:0  CH:0 
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After  some  time  it  changes  into  a  yiscous  transparent  mass, 
probably  a  polymeric  modification,  and  is  then  no  longer  soluble  in 
water.  This  loses  water  on  gentle  heating  in  a  stream  of  air,  and 
crystals  slowly  separate  of  the  foimula  CgHj^Os  : 

CH3.CH.CH2.CH :  0 
2CH3.CH(OH).CH J.OH  :  0  =  HjO  +  0 

OH3.OH.CHa.OH :  0 

which  stands  in  the  same  relation  to  aldol  as  ether  to  alcohol.  The 
crystals  melt  at  155°  and  distil  under  reduced  pressure  at  157°. 

Aldol  reduces  argentic  oxide  and  is  converted  into  /3-ozybutyrio 
add : 

CH3.CH(0H).CHa.CH0  +  Ag^O 

=Ag2  -h  CH3.CH(OH).CH2.CO.OH. 

On  distillation  under  ordinary  atmospheric  pressure  water  is  elimi- 
nated and  crotonic  aldehyde  formed  : 

CH3.CH(OH).CH2.CHO  =  H3O  +  CH3.CH  :OH.OHO. 

Ammonia  unites  directly  with  aldol,  as  with  the  ordinary  alde- 
hydes : 

CH3.0H(0H).CHa.CH0  +  NH3 

=  CH3.CH(0H).CH2.CH(0H)NHa. 

Aldol  ammonia  is  a  solid  mass  which  dissolves  in  water  and  smells 
like  the  aldehyde  ammonias. 

Nascent  hydrogen  converts  aldol  into /3-butylene  glycol  (§  489, 1)  : 

CH3.CH(0H).CH2.CH0  -h  2H  =  CH3.CH(0H).CH2.CH2.0H. 

657.  Isohutenyl  Compownda. — If  isobutylene  dibromide  be  heated 
with  alcoholic  potassic  hydrate,  isocrotyl  bromide  is  formed : 

CH3  CH3  CH3  OH3 

dfir         +  KOH  =  KBr  +  HjO  -f         0 

CHjBr  CHBr 

as  a  colourless  oily  liquid  of  sharp  odour,  boiUng  at  91°;  on  heat- 
ing with  sodic  ethylate  to  150°-170°  in  sealed  tubes  it  is  converted 
into  isocrotyl  ethyl  ether  : 

(CH3)a  :  0  :  CHBr  +  NaOCaHg 
=  NaBr  -f  (CH3)a  :  C :  CH.O  :  OCaH^. 

This  latter  is  an  oil,  lighter  than  water,  and  boiling  at  92°-94° ;  it 
unites  with  bromine  to  form 

laohutenyl  dibromide  ethylate,  (CH3)a  :  CBr.CHBr.O.CaHs,  and  is 
oxidised  by  chromic  acid  into  acetone,  carbonic  anhydride,  and  acetic 
acid: 

{CH3)a  :C  :  CH.OCaHj  +  50  =  (CH3)aC0  +  CO, 
+  HO.CO.CHs  +  HaO. 
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Dbriyatiyes  of  the  Ketone  Alcohol  Radicals,  CnHsn^i* 
668.  The  group  of  ketone  alcohol  radicals : 

C'n'-Hjn'+l 

I 

c= 


18  chiefly  represented  by  derivatives  of  acetone  and  propylene,  i.a  of 
the  hydro-carbon  nucleus : 

CHa 

L 


CH,— 

The  unsaturated  bodies  of  this  class  are  the  monosubstituted  pro< 
pylenes,  which  ai«  obtained  by  the  action  of  alcoholic  potassic  hydrate 
upon  propylene  dihaloids  (§  478) : 

OHa  OH3 

OHBr  +  KOH  =  KBr  +  HjO  +  CBr 

and  on  the  dihaloids  of  the  acetone  radical  (§  445) : 

CHa  CHa 

OCl,    +K0H  =  KC1  +  H,0+    CCl 

OHa  CHa 

JfanoMar  propylene^  CHa.CCl :  CHa,  boils  at  23^,  and  below  that 
temperature  forms  a  liquid  litUe  soluble  in  water. 

Manobrom  propylene,  CHa-CBr :  CHj,  boils  at  57*^-58°. 

669.  By  the  union  of  these  two  compounds  with  halogens  the 
trihaloids  of  the  radicab  are  obtained  as  liquids  insoluble  in  water. 

Chlor-propylem  dichlaride,  CHj.CCla.CHaCl,  boils  at  123°;  it 
is  also  obtained  by  the  action  of  phosphoric  chloride  on  monochlor 
acetone: 

CHa.CO.CHaCl  +  PClg  =  CHa-CClj-CHaCl  +  POaa, 

and  by  the  action  of  chlorine  on  methyl  chlor-acetol  (§  445)  in 
sunlight : 

CHa.CCla.CHa  +  Qa  =  HCl  +  CHa-CCla-CHaCl  +  HCl. 

It  is  isomeric  with  propenyl  trichloride  (§  665). 

Brom-propylene  diSramide,  CHa.CBra.CHjBr,  is  an  oil  of  powerful 
burning  odour,  of  sp.  gr.  3*392  at  23°,  and  boiling  at  195°.  The  same 
compound  is  obtained  when  the  vapours  of  propylene  dibromide  and 
bromine  are  brought  together. 

GMoT-propylme   dibromide,  CHa.CClBr.CHjBr,  prepared  from 
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monochlor  propylene  and  bromine,  boils  at  about  170^,  and  has  sp.  gr. 
2  064  at  0°. 

660.  MonoaubstUution  Products  of  Acetone, — Monochlor  acetone^ 
CH3.CO.Cfl2Cl,  is  obtained  by  oxidation  of  monochlor  propylene  by 
an  aqueous  solution  of  hypochlorous  acid : 

CHa.Cd  :  CH2  +  HOCl  =  HCH-  CHs.CO.CHaCl, 

by  oxidation  of  propylene  hydrate  chloride  (§  496),  and  by  the  action 
of  chlorine  on  acetone.  In  the  latter  case  well-cooled  aoetone  is 
saturated  with  chlorine  and  the  monochlor  acetone  separated  by 
fractional  distillation.  It  is  a  colourless  liquid  which  attacks  the 
mucous  membrane  and  tear  glands,  is  insoluble  in  water,  boils  at  119% 
and  has  sp.  gr.  1*17. 

Acetate  of  ctoetonalcohol,  CH3.CO.CH2.O.C2HJO,  is  obtained  by 
heating  monochlor  acetone  for  some  time  with  an  aJooholic  solution  of 
potassic  acetate,  as  a  liquid  of  re&eshing  odour,  boiling  at  about  175% 
and  having  sp.  gr.  1*053  at  IP.  It  is  soluble  in  water,  but  soon 
decomposes  therewith. 

661.  Monobrom  butylene,  CH3.CH2.CBr.CH2,  is  formed  from 
butylene  dibromide  by  action  of  alcoholic  potassic  hydrate  as  a  colour- 
less oil,  boiling  at  140^-150°,  and  uniting  with  two  atoms  of  bromine 
to  form 

Butenyl  tribromide,  CH3.CH2.CBr2.CH2Br,  a  liquid  not  miscible 
with  water,  boiling  wiiii  decomposition  at  208°-215**. 

Derivatives  of  the  Trivalbnt  Alcohol  Badicals,  CnH2n_i. 

662.  Nearly  the  only  compounds  of  trivalent  alcohol  radicals 
known  are  the  derivatives  of  the  tricarbon  radical  C3H5.  This,  when 
i-endered  monovalent  by  the  double  union  of  two  of  its  carbon  atoms, 
forms  the  radical  aUylf  and  when  in  the  trivalent  state  the  radical 
(jlyceryl : 

CH2  CHj— 


D 


H  allyl  OH—   glyceryl 

OH2  CH2— 

AUyl  Compounds. 

663.  DiaUyl  sulphide  and  aUyl  mustard  oil  are  found  in  nature,  the 
former  in  leeks  and  onions,  the  latter  as  product  of  the  fermentation 
of  the  myronic  acid  contained  in  black  mustard  seeds. 

AUyl  compounds  can  all  be  obtained  artificially  from  the  trivalent 
alcohol  glycerine. 

By  ti'eating  glycerine  15  parts  with  10  parts  iodine  and  6  of 
amorphous  phosphorus,  and  heating,  allyl  iodide  is  obtained  and 
may  be  separated  from  the  isopropyl  iodide  formed  at  the  same  time 
by  distillation  (§  192) : 

CH2.OH     HI       H2O  CHa 


CH.OH  +  HI  =  HjO  +  la  +  CH 
OH2.OH    HI       H2O  C 


2^  v^HjI 

cc 
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The  allyl  iodide  can  then,  similarly  to  the  alkyl  iodides,  be  converted 
into  the  salts  of  allyl,  and  these  again  by  saponification  into  allyl 
aloohoL 

By  slowly  heating  a  mixture  of  4  parts  glycerine  with  1  of  crys- 
tallised oxalic  add,  with  addition  of  a  little  ammonic  chloride,  to 
between  220°  and  230*^,  and  then  to  about  260'^,  a  mixture  first  passes 
over  of  aqueous  formic  acid  and  allyl  alcohol,  and  above  195°  glycerine 
monoformate  principally  distils,  which  by  repeated  distillation  splits 
up  into  water,  carbonic  oxide,  and  allyl  alcohol : 

CaH5(OH)jO.CHO  =  CO,  +  OHj  +  CjHg.OH. 

After  saturating  the  collected  distillates  with  K2OO3  the  allyl 
aloohol  separates  on  the  surfisu^,  and  is  further  purified  by  distillation 
first  over  solid  KHO  and  finally  over  BaO. 

The  general  behaviour  of  the  allyl  compounds  is  quite  analogous 
to  that  of  the  alkyl  derivatives.  The  most  important  difference  con- 
sists in  that  the  allyl  compounds,  as  primary  substitution  products  of 
propylene,  enter  into  direct  combination  with  the  halogens  and  hypo- 
chlorous  acid,  &c,f  to  form  glycerine  compounds : 

CMj  CM2Br 

CH  +Br3=     CHBr 

CHBr  CHjBr 

Allyl  bromide,  or  Glycerine  tribromide. 

>  -brom-propylene. 

684.  Halogen  Compounds  of  AUyl, — AUyl  chloride  : 

CHa:CH.CHaCl, 

isomeric  with  monochlor  propylene  (§  658),  is  prepared  by  the  action 
of  PCI,  or  HCl  on  allyl  alcohol : 

CHa:OH.CHa.OH  +  HC1=  CHaiCH.CHa.a  -f  OHj, 

and  also  from  allyl  iodide  by  the  action  of  ngOl2 : 

2C3H5I  +  HgClj  =  2C3H,C1  +  Hglj. 

It  is  a  colourless  liquid,  of  disagreeable  smell,  boiling  at  46°,  in- 
soluble in  water,  and  having  at  0°  the  sp.  gr.  '954. 

AUt/l  bromide^  CaHsBr,  resembles  the  chloride ;  it  boils  between 
70°-7P;  sp.  gr.  1-461  at  0°.  It  combines  with  HBr  to  trimethene 
dibromide  (§  479). 

AUyliodide,  CHa'.CH.CHal,  is  an  oily  liquid  of  sp.  gr.  1*789  at 
16°,  smells  strongly  like  leeks,  and  boils  at  101°.  It  is  converted  by 
zinc  and  HCl  into  propylene  (§  658),  by  heating  with  HI  into  pro- 
pylene and  isopropyl  iodide : 

CHa:CH.CH2l  +  HI  =  Ij  +  CHaiCH.CHa 
CHa:CH.CH2l  +  2HI  =  I,  +  CH2.CHLCH3. 

On  agitating  an  alcoholic  solution  of  C3H5I  with  metallic  mercury, 
colourless,  leafy  crystals,  quickly  turning  yellow  in  sunlight,  of 
mercury  allyl  iodide  (comp.  §  361)  crystallise  out : 

CH,:OH.CH,I  +  Hg  =  CHarCH.CHj.Hgl, 
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which,  treated  with  HI,  yield  propylene  gas  : 

CHj:CH.CHj.HgI  +  HI  =  OHazCH.CHa  +  Hglj. 

666.  AUyl  alcohol,  CH, :  CH.CH3.OII,  obtained  as  above  described, 
is  a  colourless  and  mobile  liquid  of  a  sharp  smell  and  sp.  gr.  at  0°  of 
'858.  It  boils  between  96°  and  97°,  and  crystallises  to  a  colourless 
mass  at  a  temperature  of  — 50°.  It  combines  directly  with  the  halo- 
gens to  glycerine  monohydro-dihaloids,  e.g. 

CH2Cl.CHCl.CHa.OH. 

By  oxidising  agents  it  is  converted  first  into  acrolein  and  then  into 
formic  acid. 

Nascent  hydrogen  does  not  combine  with  it  at  the  ordinary  tem- 
perature, but  by  heating  with  potash  to  100°-105°  formic  acid, 
ethyl  alcohol,  primary  propyl  alcohol,  and  some  pix)ducts  containing 
lees  hydrogen,  which  have  not  been  much  investigated,  are  produced. 
Potassium  and  sodium  dissolve  in  allyl  alcohol  with  disengagement  of 
hydrogen  and  formation  of  bodies  analogous  to  the  alkylates  of  the 
alkalies: 

20Hj:CH.CH2.0H  +  Na^  =  Hj  +  2CH2:CH.CH2.0Na. 

666.  Ether-Uke  compounds  of  allyl  are  obtained  by  the  reaction 
between  metallic  allylates  and  the  halogen  compounds  of  the  alcohol 
radical. 

AUyl  etlier,  or  diallyl  oxide,  (CH2 :  CH.CH2)20,  is  formed  accord- 
ing to  the  following  equation : 

C3H5OK  +  CaHgl  =  KI  +  c*H5>^' 

and  also  by  the  action  of  allyl  iodide  on  the  oxides  of  mercury  or 
silver  \ 

2C3H5I  -t-  Ag20  =  (C3H5)20  -h  2AgI. 

It  is  a  colourless  liquid,  insoluble  in  water,  boiling  at  82°.  A  small 
quantity  appears  to  occur  naturally  in  oil  of  garlic. 

AUyl-methyl  ether,  CHjiCH.CHa.O.CHg,  from  sodic  methylate 
and  allyl  iodide,  is  a  colourless  liquid  boiling  at  46°. 

AUyJrethyl  ether,  CH2:CII.CH2.0.CH2.CH3,  obtained  in  a  similar 
manner,  boils  at  64°. 

667.  The  allyl  salts  are  most  easily  obtained  by  the  reaction 
between  allyl  iodide  and  the  silver  salts  of  the  acids. 

AUyl  acetate,  CHaiCH.CHa.O.CO.CHs,  boils  between  98°  and 
100°.  Thefomiate  is  found  in  small  quantities,  along  with  formic 
acid  and  aUyl  alcohol,  among  the  products  resulting  from  heating 
glycerine  with  oxalic  acid.  It  is  lighter  than  water  and  boils  between 
82°  and  83°.     Both  salts  have  a  veryjsharp  smell. 

AUyl  butj/rate  boils  at  140°,  isovalerate  about  162°. 

MonaUyl  stUphate,  C3H5.HSO4,  is  formed  by  mixing  HaS04  and 
allyl  alcohol ;  its  barium  salt  is  soluble  in  water. 

AUylnUrate,  CHj :  CH.CH2.0,N02,  boils  at  106°,  sp.  gr.  1-09  at 
10°. 

668.  AUyl  Sulphur  Compounds, — Thio-aUyl  alcohol^  or  aUyl  m^r- 
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ecipt€m,  CHq  :  CH.CHa.SH,  is  formed  by  the  action  of  C3H5I  on  an 
aloohoUc  solution  of  potassic  sulph-hydrate  : 

O3H5I  4-  KSH  =  KI  +  C3H5.SH. 

It  is  Tery  similar  to  the  ethyl  mercaptan,  and  boils  at  90^.  The  sul- 
phur is  easily  replaced  by  metals,  especially  mercury. 

It  gives  by  oxidation  with  nitric  add  cUlyl  sulphonic  acidf 
CHjiCH.CHa.SOa.OH,  the  barium  salt  of  which  crystallises  in 
shining  prisms. 

Dia&yl  avlphide^  or  thuhoUyl  ether : 

CHa :  OH.CHa.S.CHj.OH :  OH^ 

is  the  principal  constituent  of  the  yellow  ethereal  oil  obtained  by  dis- 
tilling garlic  {AUitmh  sativum)  with  water,  from  which  it  is  obtained 
by  repeated  fractionation  and  rectification  over  potassium.  It  also 
occurs  in  the  leaves  and  seeds  of  many  Crucifene  {A  Uiaria  officvrvaUsy  kxi.), 
and  is  obtained  synthetically  by  the  reaction  between  C3H5I  and  KjS 
in  alcoholic  solution. 

In  the  pure  form  it  is  a  colourless  oil,  of  a  powerful  garHc-like 
odour,  boiling  at  140°. 

669.  Nitrogen  Gompoimds  of  AUyl, — ^Allyl  yields  with  nitrogen 
compounds  similar  to  those  of  the  alcohol  radicals. 

Allvl  iodide  and  ammonia  react,  forming  the  iodides  of  the  various 
allylamines,  from  which  a  mixture  of  the  free  bases  is  liberated  by 
treatment  with  potassic  hydrate.  The  separation  of  the  individual 
constituents  in  a  state  of  purity  is  attended  with  the  usual  difficulties. 

AUylcrniine,  CHjiCH.CHa.NHj,  is  most  easily  obtained  in  the 
pure  form  by  reducing  allyl  mustard  oil  with  zinc  and  HCl  in 
alcoholic  solution  : 

CHa:CH.CHa.N:CS  +  2Zn  +  5Ha  =  CH,:CH.CH2.NHjHCl 

+  2ZnCl2  +  CHaS. 

On  distilling  the  product  of  the  reaction  with  OKH,  it  is  obtained  as 
an  ammoniacal  liquid  of  sp.  gr.  '864  and  boiling  point  58°. 

The  principal  product  of  the  reaction  between  allyl  iodide  and 
ammonia : 

4C3H5I  +  4NH3  =  3NH4I  +  N(C3H5)3l, 

tetrallyl  ammionitMn  iodide,  is  precipitated  from  its  aqueous  solu- 
tion by  KHO  as  a  syrup,  and  crystallises  in  vacuo  over  H2SO4 
after  some  time.  By  treating  its  solution  with  argentic  hydrate 
tetrallyl  ammonium  hydrate,  N(C3H5)40H,  a  caustic  alkaline  liquid, 
is  obtained,  which  on  heating  decomposes  principally  into  triaUylamhie, 
N(C3H5)3,  a  basic  volatile  oil. 

670.  AUyl  paeudo-cyanate,  or  aUyl  carboxylamine : 

CHa:CH.CHa.N:CO, 

is  formed  by  heating  allyl  iodid9  and  potassic  pseudo-cyanate  together. 
It  is  a  sharp-smelling  oil,  which  boils  at  82°  and  excites  to  tears. 
By  cently  heating  with  water  it  splits  up  into  COj  and  diallyl  urea, 
or  nnapolme  (comp.  §  280) : 

2C,H5.N:(X)  +  OHj  =  COj  +  (C3H5)HN.CO.NH(C3H5), 

which  crystalliseB  in  large  leafy  crystals,  melting  at  100°. 
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It  combines  directly  with  ammonia  to  form  monaUyl  urea : 

C3H5.N:CO  +  NH3  =  (C3H5).HN.CO.NH2, 

and  with  ethylamine  to  form  ethyl-aMyl  urea : 

(C3H5).HN.CO.NH(C2H5), 

which  crystallises  in  fine  prisms. 

671.  AUyl  mustard  oily  or  allyl pseudo-suIphchcya/ruUe : 

CH2:CH.CHa.N:C:S 

(oomp.  §§  284  and  285).  Black  mustard  seeds  contain  the  potassium 
suit  of  a  glucoside  acid,  myronic  add,  which,  in  presence  of  water  and 
a  ferment  existing  in  the  seeds  (myroaine),  is  converted  into  sugar, 
hydric  potassic  sulphate,  and  allyl  mustard  oil.  The  very  powerful 
odour  of  mustard  oil  is  indeed  evident  after  slightly  moistening  the 
seeds  with  water.  The  oil  is  obtained  by  distillation  with  water,  and 
purified  by  further  fractional  distillation.  It  possesses  the  sp.  gr. 
1'017  at  10°,  and  boils  between  150°  and  151° ;  its  vapour  density  is 
3*4.     It  is  insoluble  in  water,  but  mixes  freely  with  alcohol  and  ether. 

The  liquid  raises  blisters  on  the  skin,  and  its  vapour  powerfully 
irritates  the  mucous  membranes. 

Synthetically  it  may  be  obtained  by  the  reaction  between  C3H5I 
and  potassium  sulpho-cyanate  in  alcoholic  solutions  (difference  from 
the  alkyl  mustard  oils). 

Anunonia  forms  with  mustard  oil 

AUyl  thuhurea^  or  thw-si/rma/mine : 

S:C:N.CHo.CH:CHo  +  NH,  =  SiC'Si?^*'^^'^^^^^ 


»""^-^.NH 


a 


which  crystallises  in  colourless  rhombic  prisms,  of  bitter  taste,  melting 
at  74°,  and  soluble  in  water,  alcohol,  and  ether.  It  combines  with 
monobasic  acids  to  acid,  easily  decomposable  salts,  and  also  gives  com- 
pounds with  metallic  salts  like  mercuric  chloride  and  silver  nitrata 

Allyl  pseudo-sulpho-cyanate  combines  with  ethylamine  to  form 
aUylrethyl  thuMirea,  (C3H5)HN.CS.NH.C2H5,  a  difficultly  crystallis- 
able  ^p. 

672.  By  heating  an  aqueous  solution  of  sulph-allyl  urea  with 
plumbic  oxide  the  sulphur  is  removed  and  allyl  cyanamide  formed 
(see  §  276). 

AUyl  cyanamide  is  obtained  as  a  syrupy  mass  after  separating  the 
lead  from  the  solution  by  SH2  and  evaporating.  It  gradually  changes 
or  metamerises  into  triaUyl  melaanine  or  amnamins^  03N6(C3H5)3H3, 
which  is  soluble  in  water,  alcohol,  and  ether,  has  a  bitter  taste,  and 
reacti^  alkaline. 

AUyl  nitrylf  Cn2:CH.Cn2.N02,  formed  by  the  double  decom- 
position between  allyl  iodide  and  argentic  nitrite,  is  an  oil  heavier 
than  water  which  boils  at  96°. 

Compounds  of  Glyceri/ne, 

673.  The  glycerine  derivatives  contain  the  same  radical  as  the 
allyl  compounds,  but  with  single  combination  between  the  carbon 
atoms,  so  that  it  acts  towards  other  radicals  or  elements  as  a  trivalent 
group. 
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Either  the  triatomic  alcohol  glyoerine  or  the  oompounds  of  allyl 
serve  as  raw  material  from  which  the  glycerine  compounds  may  be 
formed. 

CH2.OH 
Qlyemm,  C3H5(OH)3  =  CH.OH 


CHo.OH 


-2 


674.  The  naturally  occurring  fats,  both  from  plants  and  animals, 
are  the  neutral  salts  of  the  triatomic  alcohol  glycerine  with  the 
OnHjn.iO.OH  and  the  OnHjn-aO.OH  series  of  acids  and  a  few 
others.  As  previously  explained  (§  561),  the  fats  are  decomposed  by 
boiling  with  strongly  basic  hydrates  into  the  salts  of  the  particular 
adds  and  glycerine  (saponification). 

If  the  alkalies  are  used  as  saponifying  agents  the  glycerine  can  be 
obtained  pure  only  with  difficulty  : 

0,H,(OC„HjBi.iO),  +  3KH0  =  3KO.CnH2„.,0  +  03H5(OH)a. 

In  this  case  the  mixture  of  soap  and  glycerine  is  neutralised  with  the 
proper  amount  of  H3SO4,  the  fatty  acid  which  separates  removed 
mechanically,  and  the  aqueous  solution  evaporated  as  far  as  possible. 
The  residue  is  a  mixture  of  alkaline  sulphate  and  glycerine ;  iiie  latter 
is  removed  by  absolute  alcohol,  from  which  it  is  again  obtained  as  a 
syiTip  on  distilling  off  the  alcohol.  The  saponification  is  much  more 
conveniently  made  with  plimibic  oxide  and  water,  whereby  an  insoluble 
lead  salt  is  formed,  from  which  the  glycerine  solution  is  filtered  and  a 
little  dissolved  lead  removed  by  means  of  SHs.  On  the  manufactur- 
ing scale  glycerine  is  obtained  by  distillation  of  fats  with  superheated 
steam,  producing  insoluble  &itty  add  and  pure  glycerine.  ,  Glycerine 
can  be  obtained  in  several  ways  from  allyl  compounds,  most  con- 
veniently by  combining  allyl  bromide  with  bromine  to  form  the  tribro- 
mide,  converting  this  by  heating  with  sUver  acetate  into  glyceryl  tria- 
cetate,  which  can  be  easily  saponified  into  acetic  salts  and  glycerine : 

OsH^Br,  +  SAgOCjHaO  =  3AgBr  +  C3H5(OC2H80)3. 

From  propylene,  and  therefore  from  acetone  and  isopropyl  alcohol, 
glyoerine  can  be  obtained  by  means  of  propylene  dichloride. 

The  latter  is  converted,  by  heating  with  iodine  chloride  to  140°, 
into  glycerine  trichloride  (§  655),  which  further,  by  heating  with  much 
water  to  170®,  is  converted  into  glycerine : 

0,H5Cl3  +  3H0H  H-  «OHa  =  C3H5(OH)3  +  3HC1  +  oOHj. 

Small  quantities  of  glycerine  are  also  formed  during  the  alcoholic  fer- 
mentation of  sugar.  Consequently  it  is  found  in  small  quantities  in 
such  alcoholic  beverages  as  are.  not  distilled. 

675.  Glycerine  in  the  ordinary  condition  is  a  syrupy  liquid  of 
very  sweet  taste ;  it  can,  however,  by  means  of  cold  and  simultaneous 
shaking,  be  obtained  in  fine  crystalline  masses. 

It  is  soluble  in  water  and  alcohol,  but  scarcelv  in  ether.  By 
heating  in  open  vessels  to  170°  it  is  rendered  anhydrous,  and  then 
possesses  the  sp.  gr.  1*27.  It  absorbs  moisture  frx>m  the  atmosphere. 
Under  ordinary  pressure  glycerine  boils  at  280°,  with  partial  decom- 
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position;  in  a  vacuum  of  50  mm.  the  boiling  point  is  210°,  at  12  mm. 
179*5°.     It  is  easily  carried  over  with  steam. 

When  distilled  with  dehydrating  substances,  such  as  P2O5  or 
potassic  hydric  sulphate,  acrolein  is  formed : 

C3H8(OH)3  =  20H,  +  OjH^O ; 

with  melted  potash,  acetate,  formate,  and  free  hydrogen  are  yielded  : 

C3Hft(OH)3  +  2K0H  =  KO.CHO  +  KO.C2H3O  +  OHg  +  2Ha. 

Phosphorus  iodide  and  HI  convert  it,  according  to  the  proportion  used, 
into  allyl  iodide,  propylene,  or  isopropyl  iodide  (§  192). 

A  weak  aqueous  solution  of  glycerine  is  slowly  fermented  by  con- 
tact with  yeast  at  20°  to  30°,  propionic  acid  being  formed  : 

CH3(OH).CH(OH).CH2.0H=  CH3.OHa.CO.OH  +  OHj. 

676.  MetaUic  Compounds. — Glycerine  dissolves  metallic  oxides  in 
certain  proportions,  and  not  alone  the  alkali  metals,  but  also  calcium, 
barium,  lead,  and  copper  oxides,  undoubtedly  forming  metallic  deriva- 
tives of  glycerine.     The  copper  compound  may  be 

C3H5(OH)2.0.Cu.O.C3H5(OH)2  (?), 

fi'om  whose  solutions  alkalies  do  not  precipitate  the  copper. 

Many  salts  are  also  very  largely  dissolved  by  glycerine — e.g.  Bodic 
chloride,  and  also  arsenious  anhydride. 

Sodium  does  not  act  on  dry  glycerine  at  ordinary  temperatures ; 
on  warming,  however,  the  reaction  is  so  violent  that  the  sodium 
becomes  nearly  red  hot,  and  the  glycerine  is  carbonised  with  produc- 
tion of  acrolein.  On  warming  with  sodium  amalgam  the  reaction 
takes  place  quietly,  a  crystalline  compound  being  obtained  after  the 
addition  of  alcohol  of  the  form  C3H5(ONa)(OH)2,C2H50H.  The  same 
body  IS,  however,  much  more  easily  formed  by  adding  glycerine  to  a 
solution  of  sodium  ethylate  in  absolute  alcohol.  The  sodium  com- 
pound crystallises  out  almost  immediately,  and  may  be  freed  from  the 
alcohol  molecule  by  heating  to  100°  in  a  stream  of  hydrogen. 

Sodic  glycerate  is  a  white,  very  hygroscopic  substance,  easily 
decomposed  by  water  into  glyceiine  and  sodic  hydrate. 

Haloid  Derivatives  of  Glycervne. 

677.  The  three  hydroxyl  groups  in  glycerine  can  be  individually 
replaced  by  halogens. 

By  treatment  of  glycerine  with  the  halogen  acids,  one  or  two  of 
the  hydroxyls  can  be  replaced  according  to  the  relative  proportions 
operated  upon — temperature,  pi-esence  of  water,  &c.  The  mono-  and 
dihaloid  compounds  are  generally  simultaneously  formed,  but  the 
reaction  can  never  be  carried  out  quantitatively  : 

<0H  .OH 

OH  H-  Ha  =  OH2  +  03H5^0H     (monochlorhydrin). 
OH  XII 

<0H  .01 

OH  +  2H01  =  OHa  +  CaH^^l        (dichlorhydrin). 
OH  N)H 
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To  remove  the  last  OH  group  recourse  must  be  had  to  the  penta- 
haloid  phosphorus  compounds : 

C,H.^^  +  POl,  =  POCl.  +  HCl  +  C,H,^    <t^£^ 

Haloid  glycerines  can  be  formed  from  the  allyl  series  by  addition  of 
halogens,  hypochlorous  acid,  and  haloid  acids,  as  described  in  another 
place. 

By  heating  the  glycerine  haloids  or  haloid  hydrates  with  metallic 
acetates  the  halogen  atoms  are  replaced  by  O.C2H3O,  yielding 
glycerine  acetates,  from  which,  on  saponification,  glycerine  is  obtained. 

678.  MoTiochlorhydrm,  C3H5.(OH)aCl,  doubtless  exists  in  two 
isomeric  forms,  namely : 

0Hj.01  OHa.OH 

OH.OH  and  0H.C1 


CHa.OH  CHa.OH 


which,  however,  are  not  yet  known  in  the  pure  state.  It  is  very 
probable  that  a  mixture  of  the  two  bodies  is  formed  when  glycerine 
saturated  with  HCl  is  heated  for  a  long  time  at  100°,  and  afterwards 
fractionally  distilled. 

Allyl  alcohol  combines  with  hypochlorous  add  with  evolution  of 
heat,  and  the  chlorhydrin  is  left,  lufter  evaporating  the  liquid  on  the 
water  bath,  as  a  thick  sweet  and  sharp-tasting  liquid,  of  sp.  gr.  1*4  at 
13°  and  boiling  between  230°  and  235°. 

From  its  high  boiUng  point  it  is  probably  the  double  primary 
hydrate  CH2(OH).CHCl.CH2(OH). 

The  preparation  from  glycerine  certainly  contains  the  primary- 
secondary  hydrate  in  greater  proportion,  since  its  aqueous  solution  is 
reduced  by  sodium  amalgam  principally  to  propylene  glycol  (§  488) : 

GHq.CI  ch« 

I  I 

CH.OH  +  Naj  +  OHj  =  NaCl  +  NaOH  +    CH.OH 

OH2.OH  CH2.OH 

679.  Dichlorht/drin,  C3H5.CI2.OH,  is  known  in  both  its  isomeric 
forms. 

a.  The  primary  hydrate  is  obtained  pure  by  passing  chlorine  into 
anhydrous  allyl  alcohol  cooled  by  ice  : 

CH3  CHqCI 


OH         +012  =  CHOI 

CHj.OH  CHj.OH 

as  a  mobile,  colourless  liquid,  soluble  in  much  water,  of  sp.  gr.  1*3799 
at  0°  and  182°  boiling  point. 

On  account  of  its  method  of  formation  it  is  called  aUyl-alcohol 
diMaridej  and  can  also  be  considered  as  duMor-propyl  alcohol.    The 
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same  compound  is  formed  directly  from  alljl  chloride  and  hypochlorous 
acid: 

OHa  CHa.OH 


B 


H       +  C1.0H  =  OHCl 

I  I 

CHad  CHjCl 

Sodium  takes  away  the  two  chlorine  atoms,  reforming  allyl  alcohol, 
which  by  excess  of  sodium  passes  into  the  allylate. 

fi.  The  secondary  hydi-ate,  CH2C1,CH(0H),CH2C1,  commonly 
and  improperly  called  dichlorhydrin,  properly  dichlor-isopropyl  cdco- 
holy  is  obtained  in  the  pure  state  by  mixing  epichlorhydrin  with  HCl. 
The  combination  takes  place  with  evolution  of  heat : 

CH^v  CHj.Cl 

OH  /    +  HCl  =  CH.OH 

CHja  CHaCl 

The  /3-dichlorhydrin  is  a  mobile  liquid  of  agreeable  smell,  boiling  at 
174%  therefore  8°  lower  than  a,  and  of  sp.  gr.  1-383  at  19°.  It  mixes 
with  alcohol  and  ether,  and  dissolves  in  nine  times  its  volume  of 
water. 

Sodium  amalgam  converts  it  into  isopropyl  alcohol : 

CHaCl.CH(0H).CH2Cl  +  2Naa  +  20H,  =  2NaCl  +  2NaOH 

+  CH3.CH(OH).CH3. 

It  yields,  by  oxidation  with  dilute  chromic  and  sulphuric  acids,  a 
dichlor  acetone  of  the  form  CHaCLCO-CHjOl. 

The  two  isomers  are  formed  together  by  long-continued  heating  of 
one  volume  of  glycerine  and  twelve  volumes  of  fuming  HCl  to  100°, 
and  fractionation  of  the  product ;  more  conveniently  by  saturating 
a  mixture  of  glacial  acetic  acid  fmd  glycerine  with  HCl  at  100°.  The 
dichlorhydrin,  boiling  at  174°,  generally  predominates;  and  when  the 
temperature  at  which  the  mixture  is  saturated  with  HCl  exceeds  100° 
it  is  the  sole  product.  By  this  last  method  some  acetate  chloride  is 
also  formed. 

An  excellent  yield  of  dichlorhydrin  is  obtained  by  gradually 
adding  one  molecule  of  glycerine  to  two  of  sulphur  chloride,  with  con- 
tinuous shaking  and  warming  on  the  water  bath,  until  the  sulphur 
has  separated  in  a  compact  state.  It  may  then  be  purified  by  distil- 
lation : 

C3H5(OH)3  +  2S2CIJ  =  2HC1  -f  SO2  -h  3S  +  C3H5(0H)C1,. 

Both  the  a-  and  /3-chlorhydrins  are  converted  by  concentrated  alkalies 
into  epichlorhydri/n, 

680.  TricMorhydririy  or  glyceryl  trichloride^  CH2CLCHCI.CH2CI, 
isomeric  with  propylene  tridiloride  (§  655)  and  chlor-propylene 
dichloride  (§  659),  is  obtained  by  the  action  of  PCI5  on  the  two 
previous  compounds.  It  is  separated  from  the  simultaneously  formed 
POCI3  by  washing  with  water  and  distillation. 
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It  is  a  oolourless,  mobile  liquid,  with  an  odour  similar  to  that  of 
chloroform,  boiling  at  158**  and  of  sp.  gr.  1-417  at  IS"*. 

Trichlorhydrin  is  also  produced  by  the  direct  addition  of  chlorine 
to  allyl  chloride,  CHj :  CH.CHaCl  +  a,  =  CHjCl.CHa.CHaCl,  and, 
along  with  the  isomeric  propylene  trichloride,  by  heating  propylene 
dichloride  with  iodine  chloride. 

Solid  caustic  alkalies  convert  it  into  dichhr  glycid : 

CaHfiCl,  +  KOH  =  KCl  +  HjO  +  C3H4CI2. 

681.  The  bromides  of  glycerine  correspond  in  properties  and 
metJiods  of  formation  to  the  chlorides,  differing  mostly  from  the  latter 
by  their  greater  density  and  higher  boiling  point. 

Manohromhydrin^  C3H5(OH)3Br,  is  a  thick  liquid  only  distilling 
unchanged  in  yacuo  at  180^. 

Glyceryl  dibromrhydrate.     Both  isomers  are  known. 
a-AUyl-(dco?u)l  dihromide,  or  dibram-propyl  alcohol  : 

CHaBr.CHBr.CHjOH, 

prepared  by  the  direct  combination  of  bromine  and  allyl  alcohol,  boils 
between  212°  and  214°. 

p-Dibromhydrinf  dibrom-isopropyl  alcohol : 

CHaBr.OH(OH)CHaBr, 

from  glycerine  and  HBr,  boils  at  219°  and  has  the  sp.  gr.  2*11  at 
18°. 

Tribromhydrin^  CHaBr.CHBr.CHgBr,  isomeric  with  brom-propy- 
lene  dibromide,  is  obtained  from  the  previous  compounds  by  means 
of  phosphorus  bromide,  and  also  from  allyl  bromide  or  iodide  and 
bromine : 

CH J  :  CH.CH3I  H-  2Bra  =  CHaBr.CHBr.CHaBr  +  IBr. 

It  crjTstallises  in  colourless  shining  prisms,  melting  at  16°  and  boiling 
between  219°  and  220°. 

682.  Chlor-brom-hydrmy  CjHft.Cl.Br.OH,  is  formed  by  the  action 
of  hydrobromic  add  on  epichlorhydrin : 

OH  /      +  HBr  =  CH.OH 

CHaCl  OHjCl 

or  by  action  of  hydrochloric  acid  on  epibromhydrin  : 

CHav  CH2CI 

CH/       +HC1=   CH.OH 

OHjBr  CHaBr 

It  is  an  oily  body,  boiling  at  197°,  of  sp.  gr.  1*740  at  12°. 

The  chlor-aUyl  dibromide,  of  the  formula  CHaBr.CHBr.CHaCl, 
msLj  be  regarded  as  glyceryl  chloride-dibromide ;  it  boils  at  195°  and 
has  the  sp.  gr.  2*088. 

The  isomeric  chlor-dtbrom-hydrvn^  CHjBr.CHCl.CHjBr,  which 
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boils  between  202^  and  203°,  is  a  product  of  the  action  of  PCI5  on 
dibromhydrin. 

Both  compounds  are  isomeric  with  chlor-propylene  dibromide. 

Brom-dichlor-hi/drin  is  obtained  quite  in  an  analogous  manner 
from  dichlorhydrin  and  PBrg.  It  boils  at  176°  and  has  the  formula 
CH2Cl.CHBr.CH2Cl. 

683.  A  moniado-hydrin,  C3H5l(OH)3,  is  obtained  by  heating 
glycerine  saturated  with  HI  to  100°  for  forty  hours,  and  after  neutralis- 
ing the  free  acid  with  alkali  shaking  out  with  ether.  The  latter 
leaves  on  evaporation  iod-hydrine,  a  yellow  syrup  slightly  soluble  in 
water,  of  sp.  gr.  1*783,  which  decomposes  on  distillation. 

Diiodo-hydririf  CH2l.CH(OH).CH2L  The  product  of  long-con- 
tinued heating  of  dichlorhydrin  with  a  concentrated  solution  of 
potassic  iodide  is  a  thick  oil  of  sp.  gr.  2*4.  It  crystallises  at  — 16°  to 
colourless  crystals,  and  decomposes  on  heating  with  formation  of  allyl 
alcohol,  allyl  iodide,  and  acrolein,  and  evolution  of  iodine. 

Chlor-iodhydrin,  CHaCl.CH(0H)CH2l,  prepared  by  direct  com- 
bination of  epichlorhydrin  and  HI,  boils  at  226°  under  partial 
decomposition;  sp.  gr.  2*06  at  10°. 

The  corresponding  bromine  compound,  (CH2Br.CH(OH).OH2l), 
18  not  capable  of  being  distilled. 

Triiodo-ht/drinf  or  glycerine  trtiodide,  is  not  capable  of  existing, 
decomposing  at  once  into  iodine  and  allyl  iodide.  Several  trihaloid 
glycerine  compounds  are  known,  however — viz.  iodhydrin  and  PCI5 
give  CH2CLCHCI.CH2I,  boiling  at  205°,  sp.  gr.  2*0476  at  9° ;  and 
CHaCl.CHBr.CHaCI,  from  chloriod-hydrins  and  PBr^,  decomposed 
by  distillation,  sp.  gr.  2*325  at  9°. 

Etiiereal  Derivatives  of  Glycerine, 

684.  These  bodies  are  easily  obtained  by  the  reaction  between 
haloid  glycerine  and  the  sodium  alcoholates  (e.g.  sodic  ethylate). 

Monochlorhydrin  yields  in  this  manner  with  sodium  ethylate 
ethyl  hydrin,  or  ethylin,  a  liquid  boDing  at  230°  and  soluble  in  water  : 

C3H5(0H)2C1  -f-  NaO.C2H5  =  Naa  -h  C3H5(OH)2(O.C2H5) ; 

dichlorhydrin  yielding  a  diethjUn,  CH2(OC2H5)CHOH.CHa.OC2H5, 
boiling  at  182°-183°,  possessing  a  faint  odour  of  pepper,  sp.  gr.  '92. 

This  compound  dissolves  sodium  and  reacts  again  with  et£yl  iodide, 
forming  trieUiylin : 

C3H5(O.C2H5)2.0Na  -h  C2H,I  =  Nal  -h  C3H5(0.02H5)3. 

It  is  insoluble  in  water  and  boils  at  185°. 

685.  A  glycerine  chloride  hydrate  ethylate,  or  ethyl  cMor-hydri/n,  is 
formed  when  (§  666)  allyl-ethyl  ether  comes  in  contact  with  diluted 
hypochlorous  acid  : 

CH2  :  CH.CHa.O.C2H5  -h  ClOH  =  CH2(OH).CHCl.CH2.0.CaH5. 

It  may  be  extracted  from  its  aqueous  solution  by  ether,  and  remains  on 
evaporation  of  that  solvent  as  a  thick  liquid  of  faintly  ethereal  odour, 
boiling  between  183°  and  185°,  of  sp.  gr.  M17  at  11°. 

By  the  combination  of  cooled  allyl-ethyl  ether  with  chlorine,  a 
glycerine  dichlorethylate,  OHaa.CHCl.OHa.O.CaHj,  boiling  at  165^ 
is  formed.    The  corresponding  bromine  compound  also  exists,  boiling 
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at  195**.  Metallic  sodium  extracts  the  halogen  from  both  bodies, 
reforming  the  alljl-ethyl  ether. 

AUylm,  C3H5(OH)jO.CH2.CH :  CHj,  or  glyceryl  dihydrate  aUyl 
ether,  can  be  iiioiated  from  the  following  oompoond  by  fractional 
distillation  of  the  residue  remaining  in  the  retorts  after  tiie  prepara- 
tion of  allyl  alcohol  from  glycerine  by  heating  with  oxalic  add.  It  is 
a  thick  liquid  boiling  between  225°  and  240°,  and  combines  dii'ectly 
with  bromine  to  form  C8H5(OH)2.0.C3H5Br2. 

Glyceryl  ether,  (C3H5)203,  obtained  along  with  the  above,  is  a 
colourless,  odourless  liquid,  soluble  in  water,  and  boiling  between 
169°  and  172°.  It  has  not  yet  been  determined  which  of  the  two  fol- 
lowing formulsB  represents  its  constitution  : 

OH.O.OH      or      CH  /      OH  /^ 


OHj.O.OB[a  CHa  .  0 .  OH, 


686.  To  the  ethereal  derivatives  belong  also  the  glyceryl  oxyhaloid 
compounds,  or  epihahid  hydrvna^  and  other  bodies  constituted  on  the 
general  formula : 

CHav 


Ah/* 


OHjX 

(for  analogous  bodies  see  §  499). 

They  are  formed  by  the  action  of  alkalies  on  glyceryl  dihaloid 
hydrates;  e.g. 

CHnCl  OHaOH  CHj. 

.OH  or  OHCl    +  OKH  =  KCl  +  OHg  +  OH  / 


• 

CHS 


I  i  I 

OHaOl  OHa.Cl  CHjjCl 


corresponding  to : 

OH2.OH  CHjv 

+  OKH  =  KCl  +  OHj  +    I       >0 
IHjCl  oh/ 

They  combine  directly  with  water  to  form  glyceryl  dihydrate  haloids, 
the  haloid  having  a  primary  position  : 

OHav  CH,.0H 


A, 


Ah/" 


4-0Hj=  CH.OH 

OHa.Cl  CHjCl 

and  with  the  haloid  adds  to  the  above-'described  dihaloid  hydrins. 
Fpichlarhydrin,  or  glyceryl  oxychloride : 

O 


Hj'CH.OHjOli 
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isomeric  with  monochlor  acetone  (§  660),  is  easily  formed  from  the 
glyceryl  dichlorides.  Dichlorhydrin,  boiling  between  160°  and  200°, 
may  be  conveniently  used  for  its  preparation.  On  mixing  gradually 
with  concentrated  potash  and  shaking,  the  reaction  takes  place  with 
considerable  evolution  of  heat,  necessitating  cooling;  the  epichlor- 
hydrin  separates  to  the  surface  as  an  oily  layer,  and  is  purified  by 
fractional  distillation.  It  is  a  limpid  liquid,  of  sp.  gr.  1*194  at  IP, 
and  boils  between  118°  and  119° ;  it  resembles  chloroform  in  taste  and 
smell. 

Alcohol  and  ether  dissolve  it  in  all  proportions.  By  long  warming 
with  water,  in  which  it  is  insoluble,  it  oombines  with  it  to  foim 
monochlorhydrin. 

/\ 

Epihronikydrin,  CHa.CH.CHaBr,  isomeric  with  monobrom 
acetone,  is  very  similar  to  the  chloi*ine  compound ;  it  boils  between 
130°  and  140°. 

Epiiodo-hydrin,  C3H5I :  O,  obtained  by  heating  epichlorhydrin 
with  potassic  iodide,  boils  at  about  160°. 

Epiethylin,  or  glyceryl  oxy-ethyl  ether,  prepared  by  the  decomposi- 
tion of  ethyl  chlorhydrin  with  alkali  : 

C3Hfi.Cl(OH).OCaH5  +  OKH  =  KCl  +  OHj  +  0^U^{ :  0).0CjH5, 

is  a  pleasantly  smelling  liquid,  boiling  between  126°  and  130°. 

Epichlorhydrin  heated  to  220°  with  isoamylic  alcohol  forms 
%8oamylchlor'hydrin,  C3H5.Cl.(OH).(O.C3H,,),  boiling  at  235°  and 
decomposing  on  distillation  with  concentrated  alkali  into  glyceryl 
oxide  isoamyl  ether,  OHs.CH.CHa.O.CsHii,  a  mobile  liquid  of  exceed- 

Y 

ingly  pleasant  odour,  boiling  at  188°. 

687.  Derivatives  of  glycerine  are  known,  but  not  in  the  pure 
state,  owing  todifficulty  of  separation,  bearing  the  same  relation  to  gly- 
cerine that  the  poly-ethylene  alcohols  bear  to  ethylene  glycol  (§  506). 

They  are  generally  formed  by  the  abstraction  of  water  fix>m  gly- 
cerine at  a  temperature  of  incipient  decomposition. 

When  glycerine  is  saturated  with  HCl  and  heated  with  an  equal 
volume  of  glycerine  to  1 30°,  a  liquid  is  obtained  distilling  in  a  vacuum 
of  10  mm.  between  220°  and  230°,  thus: 

C3H5(OH)3  -h  CaH^CKOH),  =  HCl  -h  C3H5(OH)a.O.C3H5(OH)„ 

dighjceryl  alcohol]  and  between  275°  and  280°  triglyceryl  alcohol : 

C3H5.(OH).[O.C3H5(OH)J„ 
passes  over. 

Salta  of  Glycerine  with  Inorganic  Acids, 

688.  All  or  part  of  the  hydroxylic  hydrogen  in  glyceric  hydi'^tes 
may  be  substituted  by  acid  radicals,  neutral  and  basic  compounds 
being  known. 

689.  Glyceric  Nitrates. — Glycerine  dissolves  in  a  mixture  of  fum- 
ing nitric  acid  and  oil  of  vitriol  with  very  considerable  evolution  of 
heat,  the  operation  requiring  to  be  gradually  performed  with  strong 
cooling.     On  pouring  the  mixture  into  a  large  volume  of  water  a 
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heavy,  ooloorless,  poisonons  oil,  glyceric  trinUrcUey  nitroglycerine^ 
03115(0.^03)3,  is  pi'edpitated.  It  crystallises  at  —  20°  and  has  sp. 
gr.  1*6.  In  alcohol  it  is  scarcely  soluble,  bat  easily  in  ether.  AlcohoUo 
potash  saponifies  it  very  easily  into  glycerine  and  potassic  nitrate. 

By  percussion  or  quick  heating  nitro-glycerine  explodes  with 
fearful  violence,  complete  combustion  taking  place,  excess  of  oxygen 
being  present,  thus : 

4C3H5(O.NO,)8  =  I2CO2  +  IOH2O  +  6N2  +  Oj. 

When  merely  inflamed,  however,  nitro-glycerine  bums  rapidly,  but 
without  explosion.  It  is  much  used  as  a  blasting  material  either  in 
the  liquid  form  or  mixed  with  silica  or  fine  sand,  generally  then  called 
dynamite.  For  purposes  of  transport  it  is  often  diluted  with  methyl 
alcohol. 

Dichlorhydrin  is  converted  by  a  mixture  of  nitric  and  sulphuric 
adds  into  glyceryl  dichlor-nitrcUe,  CH2Cl.CH(O.N02)CHaCl,  an  oil 
boiling  with  decomposition  between  180°  and  190°,  but  not  exploding; 
it  has  a  sp.  gr.  at  10°  of  1*465. 

In  a  similar  manner  chlorbromhydiin  gives 

0H,C1.0H(0.NOj)0HaBr ; 

q)ichlorhydrin,  OHjC1.0H(O.N02).CH2.0.N02.  Both  are  thick 
liquids  not  distillable  without  decomposition.  The  latter  is  of  sp.  gr. 
1-6112  at  9°. 

690.  Glycerine  combines  with  sulphuric  acid,  when  mixed  with  it, 
with  evolution  of  a  considerable  amount  of  heat.  On  diluting  with 
water  and  neutralising  with  chalk  a  mixture  of  calcic  sulphate  and 
the  caldum  salt  of  nUpho-glyceric  acid  is  obtained ;  the  latter  may  be 
separated  from  the  gypsum  by  its  much  greater  solubility  in  water. 

The  free  add  may  be  obtained  by  exactly  precipitating  the  calcium 
ft'om  a  solution  of  the  above  salt  with  oxalic  add. 
Glycerine  sulphuric  acid^  or  etdpho-glyceric  acid  : 

03H3(OH)j(O.SOa.OH), 

is  an  add  and  also  a  basic  ether,  and  corresponds  to  monethyl  sulphate 
or  ethylene  hydrate  sulphate. 

Its  aqueous  solution  reacts  strongly  acid,  and  gives  salts  with 
oxides,  and  carbonates  of  basic  metals  mostly  crystalline  and  without 
exception  soluble  in  water. 

Monochlorhydrin  dmilarly  forms  a  chlorhydrin  sulphuric  add, 
C3H5Cl(OH).O.S02.0H. 

691.  Powdered  roetaphosphoric  acid  mixed  with  glycerine  also 
combines  with  it,  forming  glycerine  phosphoric  acid  : 

03H5(OH)2.0.PO.(OH)j, 

with  evolution  of  heat. 

On  diluting  with  water  and  precipitating  the  excess  of  phosphoric 
add  with  baric  carbonate  and  then  adding  alcohol,  baric  glycero-phos- 
phate: 

>0H 

N}.P.0<5>Ba 
is  thrown  down. 
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This  salt,  when  decomposed  by  the  exact  quantity  of  sulphuric  acid, 
yields  the  free  acid,  which  on  evaporation  of  its  aqueous  solution  may 
be  obtained  in  the  form  of  an  acid,  thick  syrup.  Its  salts  are  mostly 
soluble  in  water  and  crystallisable. 

Its  calcium  salt  is  thrown  down  in  pearly  scales  on  boiling  its  cold 
saturated  solution. 

Glycerine  phosphoric  acid  occurs  as  one  of  the  decomposition 
products  of  lecithin  (§  697),  and  is  physiologically  important  from 
its  supposed  existence  in  brain  substance,  dec. 

Salts  of  Glt/cerine  vnth  Organic  Adds.     F(U8. 

692.  Glycerine  combines  with  the  adds  of  the  OnHa^  _  lO.OH  series 
when  heated,  water  being  eliminated.  The  number  of  hydroxyl 
groups  replaced  depends  greatly  on  the  temperature  of  the  reaction 
and  the  quantity  of  acid  present. 

The  neutral  salts  of  the  form  C3H5(O.CnH2n-iO)3  occur  in  most 
natural  fats,  and  are  in  fact,  in  many,  the  principal  substance.  Most 
solid  animal  fats,  tallow ^  <kc.,  are  composed  of  glycerine  £a,ts  of 
palmitic  and  stearic  acids.  As  yet  no  known  fat  consists  entirely  of 
the  salt  of  one  add ;  they  are  generally  mixtures  of  several,  not  only 
of  the  above-mentioned  series,  but  also  with  salts  of  adds  of  the  oleic 
series,  C3H5(O.CnH2n-30)3.  These  latter  salts  confer  liquidity 
{animal  oils)  or  buttery  consistency  on  many  fats,  according  to  the 
extent  of  their  admixture. 

Fatty  or  animal  oils  also  frequently  contain  adds  of  still  lower 
hydrogen  contents,  which  oxidise  easily  on  exposure  to  air,  becoming 
hard  and  resinified,  the  same  property  being  imparted  in  some  degree 
to  their  glycerine  salts,  which  axe  hence  termed  drying  oils. 

The  existence  of  glycerine  salts  of  mixed  adds  has  no  doubt  a 
great  influence  in  causing  the  variety  of  animal  fats.  It  appears,  for 
instance,  that  mutton  fat,  or  sheep  tallow,  contains  a  glycerine  di- 
stearin  palmitate,  C3H5(O.CigH350)2.(O.Ci6H3iO). 

To  extract  fats  from  organic  tissues  or  substance  mechanical  pres- 
sure, sometimes  with  elevation  of  temperature,  is  generally  resorted  to, 
whereby  the  cells  containing  the  fats  are  bix)ken.  In  cases  where  it 
is  desired  to  extract  the  whole  amount  completely,  solvents,  like  ether 
or  disulphide  of  carbon,  are  used.  From  these  the  fat  may  be  obtained 
by  evaporation  of  the  solvent. 

Natural  fats  may  be  purified  from  the  albuminous  substances  which 
generally  accompany  them,  when  mechanically  extracted,  by  gently 
warming  with  a  little  potash  solution  or  sulphuric  acid,  by  which  the 
albuminoids  are  decomposed  or  dissolved.  Care  must  be  taken  that 
the  temperature  employed  be  not  too  high,  or  the  glycerine  salts  or 
fats  will  themselves  be  saponified  or  convei-ted  by  the  sulphuric  add 
into  fi-ee  fatty  acid  and  sulpho-glyceric  add. 

The  decomposition  of  fats  by  water  or  steam  at  a  high  temperature, 
as  well  as  their  decomposition  by  ammonia  into  glycerine  and  add 
amides,  has  already  been  considered. 

The  fats,  when  heated  by  themselves,  undergo  dry  distillation, 
acrolein  being  one  of  the  constant  products,  depending  on  the  presence 
of  glycerine  in  the  fat. 

693.  Only  one  formic  ether  of  glycerine  is. known — glyceryl  di- 
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hydrate  formate,  or  monoformirij  C3H5.(OH)2(O.CHO).  It  is  formed 
by  heating  glycerine  with  oxalic  acid  to  190°,  and  may  be  extracted 
horn,  the  cooled  product  of  the  reaction  by  ether,  on  the  evaporation 
of  which  it  remains  as  a  colourless  liquid,  miscible  with  water  and 
distilling  unchanged  in  a  vacuum.  On  heating  to  200°  it  decomposes 
into  CO),  water,  and  allyl  alcohol  (§  663). 

894.  Acetic  Acid  Derivatives, — Glycerine  heated  with  glacial 
acetic  acid  for  some  time  to  a  temperature  of  100°  yields  a  mixed 
product,  from  which  ether  extracts 

Monacetvnj  or  glyceryl  dihydrate  acetate,  formed  according  to  the 
equation: 

03H5(OH),  +  HO.CjHjO  =  OH,  +  C3H5(OH)2(O.Cj|H,0). 

It  is  a  colourless  liquid,  miscible  with  a  small  quantity  of  water,  but 
is  decomposed  by  a  large  quantity. 

Diacetvn,  C3H5.(OH).^O.C2H30)2,  is  formed  by  heating  glycerine 
with  a  large  excess  of  acetic  acid  to  200°.  It  may  also  be  extracted 
from  the  cooled  reaction  product  by  ether.  It  is  a  liquid,  and  boils 
at  280°. 

Triacetin,  glyceryl  triacetate,  C8H5(O.C2H30)8,  obtained  by  long 
heating  of  diacetin  with  glacial  acetic  to  about  250°,  is  a  neutral  oS 
of  sp.  gr.  1*174,  boiling  at  268°.  It  occurs  naturally  in  small  amount 
in  the  oil  from  the  spindle  tree  {Evonymus  europaaus), 

695.  In  addition  to  the  acetic  ethers  just  mentioned,  haloid 
acetates  are  also  known. 

Aceto-chlarhydrin,  C3H5Cl(OH)(O.CaH30),  prepskred  by  the  action 
of  acetylic  chloride  on  glycerine  : 

C,Hfi(OH),  +  01.C0.0H,  =  HaO  +  C,H5.C1.(0H)C  AHa, 

as  a  liquid  of  boiling  point  250°. 

Aoeto-dichlorhydrin,  CaHfl.Cla.^O.CaHjO),  is  formed,  together  with 
dichlorhydrin,  by  passing  hydroccloric  acid  gas  into  a  mixture  of 

glycerine  and  glacial  acetic  acid  heated  to  100° ;  also  from  dichlor- 
ydrin  and  acetyl  chloride.  There  appears  to  be  two  isomems  of  this 
body,  the  one  prepared  in  the  former  manner  having  a  boiling  point 
205°,  the  latter,  which  is  possibly  CHaCl.CH(O.C2H30)CH2Cl, 
boiling  at  194°-195°,  and  having  sp.  gr.  1-274  at  8°. 

Both  compounds  give  epichlorhydrin  on  saponification  with 
potash  : 

C3H5.Cla(O.OjH30)  +  2K0H  =  KCl  +  K0.CaH30  +  OH, 

+  C3H6(:0).C1. 

DiaeeUhchlorhydrvn,  C3H5Cl(OCaH30)2,  is  best  prepared  by  heat- 
ing glycerine  with  acetic  add  and  acetyl  chloride  simultaneously.  It 
boils  about  246°. 

Several  corresponding  bromine  compounds  are  also  known. 

696.  Analogous  bodies  to  the  acetins  are  produced  by  heating 
glycerine  with  the  homologues  of  acetic  acid.  Many  of  these  bodies 
have  been  prepiEtred. 

Tributyrin,  03H5(O.CO.C3H7)3,  occurs  naturally  in  butter  along 
with  trioapronin,  tricaprylin,  tricaprinin,  trilaurin,  trimyrisin.  tri- 
palmitiuy  tristearin,  and  triolein. 
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Monopalmitiii,  C3H.r,(OH2)O.CjfiH3iO),  is  solid,  and  melts  at 
58°  ;  dipalmitm,  C3H,,(OH)(Ci6H3i02)2,  at  59°  ;  tripalmitin, 
C3H.^(Cif;H3 102)3,  at  63°.  The  latter  is  found  in  nearly  «dl  animal 
and  v^etable  fats.  It  is  most  easily  obtained  from  olive  oU,  which  iB 
a  mixture  of  that  substance  with  triolein,  C3H5(O.Ci 311330)3,  by 
cooling,  and  pressing  the  solid  palmitin  from  the  liquid  olein,  and  re- 
crystallising  from  a  mixture  of  alcohol  and  ether.  It  forms  pearly 
plates  difficultly  soluble  in  alcohol.     It  melts  about  46°. 

Mono-,  di-,  and  tristearin  can  be  artificially  prepared  from  stearic 
acid  and  glycerine.  The  Litter  is  a  very  general  constituent  of 
natunil  fats,  animal  fats  or  tallows  being  composed  principally  of 
that  body  with  a  Uttlo  tripalmitin  and  triolein. 

On  treating  tallow  with  cold  ether,  the  two  latter  bodies  may  be 
extracted,  most  of  the  tristearin  remaining  behind.  It  may  be  dis- 
solved and  crystallised  fi-om  warm  ether,  and  got  in  pearly  scales 
almost  insoluble  in  cold  alcohol  and  only  very  slightly  so  in  warm 
ether.  It  melts  at  63°.  If  it  be  not  heated  above  65°  during  the 
experiment  it  solidiiias  again  at  61°,  and  then  only  melts  again  at 
66°.  If  it  l>e  heated,  however,  higher  than  67°,  it  solidifies  again  at 
51°,  and  then  melts  at  53°,  but  returns  to  the  melting  point,  63°, 
after  some  time. 

Other  ethers  occurring  in  natm^al  fats  will  be  considered  under 
the  respective  acids. 

697.  Lecithin, — This  ntime  is  applied  to  several  bodies  of  very 
similar  chemical  and  physical  properties  derived  from  brain  sub- 
stance, nerves,  blood  corpuscles,  gall,  (kc,  and  also  from  some  vege- 
table substances  (maize,  ic),  and  which  appear,  indeed,  as  constant 
constituents  of  the  cell  substance  of  organised  bodies.  All  these 
bodies,  when  decomposed  by  water,  acids,  or  bases,  give  glycerine- 
phosphoric  acid,  neurine,  and  fatty  acids. 

Every  lecithin  is  a  fat  containing  only  two  fatty  acid  radicals,  the 
third  hydroxyl  group  being  replaced  by  ethylen-trimethyl  ammonic 
hydmte  (neurine)  in  combination  with  phosphoric  acid. 

The  following  general  formula,  in  which  X  may  be  supposed  to 
represent  the  acid  radicals  of  palmitic,  stearic,  and  oleic  acids, 
exhibits  the  constitution  of  lecithin,  and  the  equation,  its  decompositioii 
by  alkalies  : 

0 N(CH3)3 

C3H.,(0X)j.0.P0/  I  +  4K0H  =  2K0X 

NJ.CIi2*  v>'H2 
-f  C3H5(OH)2.0.PO(OK)2  +  HO.CH2.CH2.N.(CH3)3.0H. 

Brain  and  nerve  substance  appear  to  contain  the  palmitio  oleic 
lecithin,  0^211^2^^^ a  • 

yO.CigH3i.O 

p  TT  — ^•C'i8H33.0 
'     \  /O.N.(CH3)3 

^O.PO<       I 

X).C2H4 

The  preparation  of  lecithin  from  brain  substance  is  only  aocom- 
plished  with  great  loss. 

The  brain  substance  must  be  freed  as  fieu:  as  possible  mechanically 

D  D 
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from  blood  yesselsy  cntacnlar  subetanoe,  &c,,  rubbed  up  to  a  thin 
paste  with  water,  and  this  repeatedly  shaken  oat  with  ether,  at  a 
temperature  of  about  0^,  until  no  more  fat  or  cholesterine  is  taken  up. 
The  insoluble  residue  is  then  filtered  from  excess  of  water  and  presMd, 
after  which  it  is  heated  with  80  %  alcohol  to  between  40''  and  45°. 
The  warm  alcoholic  solution,  after  filtration  and  cooling,  separates 
crude  lecithin  as  a  flooculent  substance,  which  is  again  washed  many 
times  with  ether  to  remove  traces  of  fktty  bodies,  and  finally  crystal- 
lised from  alcohol  at  a  temperature  of  45°.  Lecithin  may  be  obtained 
in  a  gimflar  manner  from  amniotic  liquid. 

It  can  also  be  easily  obtained  from  the  latter  substance  by  means 
of  ether  alcohol.  After  evaporating  the  ether  and  separating  from 
the  precipitated  fats,  an  alcoholic  solution  of  cadmic  carbonate  is 
added,  which  causes  a  precipitate  of  ledthin-cadmium  chloride,  which 
is  suspended  in  water  and  treated  with  hydric  sulphide.  The  lecithin 
hydrochloride  thus  set  free  is  shaken  out  with  ether,  from  which 
solution  it  is  obtained  by  evaporation. 

Lecithin  crystallises  from  its  saturated  solution  in  alcohol  in  fine 
radiallygrouped  needles,  which  dry  up  in  vacuo  to  a  white  powder, 
which  melts  on  gently  heating.  It  is  slightly  soluble  in  cold  alcohol 
and  ether,  much  more  freely  on  heating.  It  may  also  he  crystallised 
from  glacial  acetic  acid. 

With  bases  and  acids  compounds  are  formed  on  the  type  of 

.O.CifiHjiO 

^-*^\O.C2H4.N(CH,),.OH 
and 

^•*^^.CjH4.N.(CH,)3.Cl 

Sulphur  Compounds  of  Glycerine. 

698.  Mercaptans, — Thio-hydrates  of  glyceryl  are  produced  by  the 
action  of  haloid  glyceryl  compounds  on  alcohoHc  solution  of  potassic 
sulph-hydrate  according  to  the  general  equation  : 

C3H5.CU(OH)3_,  +  aKSH  =  nKCl  +  C3H5(SH),(OH)3_„ 

in  which  a  may  have  the  values  1,  2,  or  3.  They  have  all  the 
properties  of  the  mercaptans  proper,  and  exchange  the  hydrogen  of 
their  SH  g^ups  for  mercury,  oopi^er,  and  similar  metals. 

Mono8tdp?C-hydrin,  glyceryl  tJiio-dioocyhydrcUe,  C3H5.(SH).(0H)j, 
obtained  by  double  decomposition  between  monochlorhydrin  and 
potassic  sulph-hydrate,  is  a  colourless,  thick  liquid,  of  sp.  gr.  1*295  at 
14°,  which  gives  off  a  very  disagreeable  odour  when  warmed.  It  is 
only  slightly  soluble  in  water  and  not  at  all  in  ether. 

Bisulph-hydrvn,  C3H5(SH)20H,  obtained  in  a  similar  manner, 
only  by  using  dichlorhydrin,  has  a  sp.  gr.  =  1*342,  and  is  insoluble  in 
water  and  ether. 

TrisuLphrhydri/ny  C3H5(SH)3,  from  trichlorhydrin.     It  is  more 
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liquid  than  glycerine,  of  sp.  gr.  1*391,  and  only  soluble  in  strong 
alcohol. 

Glyceryl  trisulphocycmate,  C3H5.(SCN)3,  is  the  only  sulph- 
ethereal  salt  of  glycerine  known.  It  may  be  prepared  by  the  action 
of  tribromhydrin  on  potassic  sulphocyanate,  and  forms  hard  white 
needles  melting  at  126°. 

699.  Stdphonic  AcUh. — The  glyceryl  mercaptans  pass  on  oxida- 
tion with  nitric  acid  into  sulphonic  acids. 

The  reaction  takes  place  pretty  directly  with  the  monosulph-hydrin^ 
glycerine  monaatdphonic  acid,  which  yields  soluble  and  crystallisable 
salts,  being  formed  : 

<0H  /OH 

OH  +  30  =  CsHs^H 
SH  \SOaOH 

Glycerine  diatUphonic  acid  is  easily  obtained  in  the  form  of  potassic 
salt  by  boiling  dichlorhydrin  with  a  concentrated  solution  of  neutral 
potassic  sulphite : 

C3Hft(OH)Cl2  +  2(K.SOaOK)  =  2KC1  +  C3Hfl(OH).(SOj.OK)2. 

Trichlorhydrin  yields  in  a  similar  manner  the  tribasic  glyceryl  tri- 
sulphonic  add : 

C3H5CI3  +  3K.S0a.0K  =  3KC1  +  C3H5(SOa.OK)3. 

Nitrogen  Compounds  of  Glycerine, 

700.  Very  few  bodies  of  this  class  are  known  in  a  pure  condition. 

Although  the  haloid  glycerine  compounds,  like  the  haloid  com- 
binations of  all  other  alcohol  radicals,  act  upon  aqueous  ammonia,  the 
products,  especially  in  the  case  of  the  di-  and  tri-substitution,  are  so 
numerous  and  complicated  that  a  perfect  separation  becomes  almost 
impossible. 

As  far  as  is  known,  however,  they  are  basic  compounds  corre- 
sponding to  the  alkylamines. 

By  heating  dichlorhydrin  with  aqueous  ammonia,  the  hydro- 
chlorate  of  a  glyceramine,  or  a  basic  substance  which  may  either  be 
glyceryl  hydratamide,  C3H5(OH)2NH2,  or  glyceryl  oxide  amide, 
C3H5(:  0).NH2,  is  formed  along  with  ammonic  chloride. 

Homologues  of  AUyl  and  Glyceryl  DeriwUives, 

Homologucs  of  the  glyceryl  compounds  with  four  carbon  atoms 
are  not  known  as  yet ;  several  penta-  and  hexacarbon  homologues  are, 
however,  known. 

701.  Isoamyl  Glycerine, — Isoamylene  dibromide  is  converted  by 
strong  alcoholic  potash  solution  into  potassic  bromide  and  brom- 
isoamylene,  C.5H9.Br.  This  latter  is  very  probably  a  mixture  of 
several  isomeric  bodies,  and  gives,  on  fractional  distillation,  a  mobile 
oil,  boiling  between  100°  and  110°  and  of  not  unpleasant  odour. 

Owing  to  its  conversion,  under  the  influence  of  hydrates,  into  a 
trihydric  alcohol,  the  following  formula  i^pears  most  likely  to  ex- 
press its  constitution : 

D  d2 
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C/Mj  CI1.3  C/U3  Cu3 

Yh  y 

+  KOH  =  KBr  +  Hj^O  +         || 
JHBr  CH 

I 
iBr  CHjBr 

When  carefully  cooled  and  brought  into  contact  with  bromine,  a 
dimethaoeti/l  bromide,  or  dvmethglyoeryl  tribromide : 

OH3  CH3 


I 

in,] 


Yb 


i, 


Br 
HBr 


IHaBr 

is  produced,  forming  colourless  elastic  needles  of  camphor-like  odour. 
It  is  soluble  in  ether  and  warm  alcohol.  Dimethjl-allyl  bromide 
combines  with  chlorine  to  form  dimethyl-glyceryl  brom-dichlaride  : 

(CII3), :  CCl.CHCI.OIIaBr. 

On  heating  the  above  isoamylene  dibromide  with  potassic  acetate  in 
alcohol  solution,  a  bronvdsocmiyletie  diacetatey  C5H9Br(0.02H30)3,  is 
produced,  which  yields,  on  saponification,  brom-isoamylene  dihydrate, 
C5H9Br(OH)2,  from  which  the  bromine  may  be  removed  by  long 
heating  with  potassic  hydrate,  giving 

Isoa/myl  glycerine,  or  dimethyl  glycerine  : 

CH3  CH3 

\/ 
C.OH 


CH.OH 


A 


IHa.OH 

This  is  a  thick  liquid,  soluble  in  water,  and  of  a  sweet,  aromatic 
taste. 

702.  Pseudo-DiaUyl  Alcohol. — When  diallyl  is  heated  with  hydric 
iodide,  a  compound  of  diallyl  with  two  molecules  of  hydric  iodide 
(§491,  2)  is  formed,  and  also  a  compound  containing  but  one  molecule 
of  HI,  thus : 

CHj  :  CH.CHa.CHa.CH  :  CHj,  +  HI 

^  OH2  *  CH.CH2.CH2.CHI.CH3. 

This  iodide  boils  at  IGi^-lGd'^,  and  is  converted  on  heating  with 
argentic  acetate  into  the  salt  CH2  :CH.CH2.CH(O.C2H30)CH3 
(boiling  point  150°-160®),  which  gives  on  saponification  paeudo-dicdlyl 
ofoaAoZ,  OH,  :OH.CH2.CH2.CH(OH).CH3,  an  oily  Hquid  boiling  at 
140^  and  of  sp.  gr.  -8626  at  0°. 

The  corresponding  triatomic  or  trihydric  alcohol : 

CHj(0H).0H(0H).CH2.0Hj|.CH(0H).CH„ 

hM  not  yet  been  prepared. 
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Compounds  of  the  Alcohol  Acid  Radicals,  J 

703.  By  replacement  by  hydi^oxyl  of  one  of  the  hydrogen  atoms 
of  the  alcohol  radical  contained  in  a  fatty  acid,  compounds  are  obtained 
which  combine  the  chai-acters  of  a  monobasic  acid  with  that  of  a  mon- 
acid  alcohol,  the  hydroxy  fatty  acids : 

Cn'Ix2n''0H 


CO.OH 

According  to  the  position  of  the  hydroxyl  on  the  carbon  nucleus, 
primary,  secondaiy,  or  tertiary  alcohol  acids  are  obtained  : 


CH2.0H 

CH3 

1 

CO.OH 

CH.OH 
CO.OH 

Secon'lary 

Primary 

CH3  CH3 
JOH 


do: 


CO.OH 

Tertiary 


Alcohol  acids. 

If  the  nucleus  contains  three  or  more  carbon  atoms,  the  proximity 
or  otherwise  of  the  hydroxyl  iind  cai-boxyl  groups  causes  isomerism, 
which,  according  to  the  degi-ee  of  proximity,  are  termed  a-,  /3-,  y-,  <kc., 
derivatives : 

CH3  CH3  CHa.OH 

CH2  CH.OH  CHa 

I  I  I 

CH.OH  CH,  CHj 


C0.( 


CO.OH  CO.OH  CO.OH 

a-  P-  y 


^ 


Hydroxy-bntyric  acids. 

704.  The  alcohol  and  the  acid  hydroxyl  groups  can  be  replaced  by 
other  elements  (halogens)  or  iiulicals  (amidas,  <fec.)  in  similar  manner 
to  the  i-eplacoment  of  the  liydroxyl  groups  of  acids  or  alcohols ;  further, 
the  hydrogen  atoms  can  be  replaced  by  metals  and  the  radicals  of 
acids  and  alcohols. 
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705.  The  following  are  amongst  the  most  generally  applicable 
methods  of  preparation  : — 

1.  Those  of  the  glycols  which  contain  the  primary  alcohol  group, 
CH3.OH,  at  least  once,  are  converted  into  hydroxy-acids  on  gentle  oxi- 
dation, as  by  atmoHpheric  oxygen  in  presence  of  platinum  black  or  by 
dilute  nitric  acid : 

C«iH2n(0H).CHa.0H  +  20  =  HjO  +  C„H2n(0H).C0.0H. 

2.  The  hydroxy-aldehydes  (§§  653  and  656)  absorb  oxygen  from 
the  air  and  reduce  the  oxides  of  noble  metals : 

C«iH2n(0H).C0.H  +  O  =  C„H2n(0H).C0.0H. 

3.  The  £Bitty  acids  yield  mono-substitution  products  on  heating 
with  the  halogens,  and,  when  the  nucleus  contains  at  least  three  car- 
bon atoms,  give  the  a  derivative  in  by  far  the  greatest  quantity 

CH3.CH2.CO.OH  +  Bra  =  HBr  +  CH3.CHBr.CO.OH 
Propionic  acid.  a- Brom- propionic  acid. 

On  long  boiling  the  alkali  salts  of  these  latter,  they  decompose  into 
metallic  haloid  and  hydroxy-acid  : 

CHj.Cl.CO.OK  +  HOH  =  KCl  +  CH2(0H).C0.0H, 

the  process  occurring  in  shorter  time  in  presence  of  free  alkali : 

CHaCl.CO.OK  +  KOH  =  KCl  +  CHj(OH).CO.OK. 

4.  The  aldehyde  and  ketone  adds  derived  from  the  pentavalent 
nucleus  CnHan «  3  (see  later)  combine  with  hydrogen  and  are  con- 
verted into  hydroxy-acids,  the  first  into  primary,  the  second  into 
secondary  alcohol  acids : 

CH:0  CHj.OH 

J  +2H=  I 

CO.OH  CO.OH 

Aldehyde  acid. 

CH3  CH3 

CO  CH.OH 


+  2H=    I 
CHa  CHa 

I  I 

CO.OH  CO.OH 

Ketone  acid. 

5.  The  aldehydes  can  be  converted,  with  nucleus  synthesis,  in  two 
ways  into  secondary  a-alcohol  acids. 

a.  Aldehydes  unite  directly  with  hydro-cyanic  acid  to  form  an 
aOcylidene  hydraU  cyanide : 

CH3 
CH3  I 

I  +  HON  =  CH.OH 

CII:0  I 


i 
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which^  like  all  nitriles,  is  decomposed  on  warming  with  acids,  yielding 
an  ammonic  salt  and  the  secondary  a -hydroxy  1  acid  : 

CH3  CH3 

H.OH  +  HCl  +  2HaO  =  NH4CI  +  CH.OH 

C^N  CO.OH 

b.  Aldehyde  ammonias  (§  422)  ai*e  readily  oonverted  into  aJh/li- 
dene  amid  cycmidea  by  action  of  prussio  acid  : 

CH3  CH3 

CH.NH2  +  H.CN  =  H2O  +  CH.NH, 

OH  CN 

The  latter  are  converted  by  dilute  mineral  acids  into  acid  deriva- 
tives of  a-amidated  faiiy  adds  : 

CH3  CH3 

CH.NH2  +  2HC1  +  2HaO  =  NH4CI  +  CH.NH3CI 

I  I 

ON  CO.OH 

from  which  the  secondary  a-hydroxy-acid  can  be  obtained  by  action 
of  nitrous  acid  (comp.  §  266)  : 

CHo  CHo 

I  I 

CH.NH2  +  NO.OH  =  H2O  +  Na  +  CH.OH 

I  I 

CO.OH  CO.OH 

The  secondary  d-hydroxy-acids  are  therefore  alkylidene  hydrcUe 
carbonic  acids  : 


CnH2ii  +  l-^H|^QQg. 


6.  Tertiary  a-hydroxy-acids  cjin  l)e  prepared  in  similar  manner 
fn)m  the  ketones  when  a  mixture  of  ketone  and  hydro-cyanic  acid  is 
decomposed  by  a  mineral  acid  : 

Ch'>^^  +  HCN  =  ^]53N,c(OH).CN 

^|][3>C(01I).CN  -h  HCl  +  2H.p  =  ^^3>>c(0H).C0.0H 

+  NH4CI. 

7.  In  similar  manner  to  the  foimation  of  fatty  acids  from  the 
alkyl  haloids  of  next  lower  carbon  contents  the  alcohol  acids  can  bo 
obtained  from  the  olefine  hydrate  haloids  (§  493).  The  latter  com- 
bine with  potassic  cyanide  to  olefine  hydrate  cyanides : 

(,^H2(0H).CHaCl  +  KCN  =  KCl  +  CH2(0H).CHj.CN, 
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and  from  theHe,  oUfine  hydrate  carbonic  acuh,  which  mu^t  be  at  least 
/3-oxy-acidBy  are  readily  obtained  : 

CH,(OH).CHj.CN  +  HCl  +  20Hj  =  CH,(OH).CH,.CX).OH 

+  NH4CL 

8.  A  method  of  verj  general  appHcation  for  the  formation  of 
tertiary  a-aloohol  acida  consists  in  the  decomposition  of  neutral  ethereal 
oxalates  with  zinc  dialkyls.  If  they  are  mixed  together,  or  if  the 
oxalate  be  heated  with  an  alkyl  iodide  and  zinc,  and  tbe  prodact  deoom- 
poaed  by  water,  the  ethereal  salt  of  a  tertiary  hydroxy-acid  separates : 

V 

CO.O.CjHj  C.0.Zn.0.C,H5 

I  '     +  2IC2H5  +  2Zn  =   I  +  Znl, 

OO.O.CjHj  CO.O.C2H5 

V  \/ 

C.0.Zn.0.C,H5  +  2H2O  =  C.OH  +  Zn(OH),  +  HO.CjHj 

(!k).0.C,H5  CO.O.C2H5 

706.  On  heating  in  sealed  tubes  with  concentrated  hydriodic  acid 
the  alcohol  acids  are  reduced  to  the  &tty  acid  of  like  carbon  nucleus : 


A 


C||'Ix2n'*0S  Cn'H.2n.l 

+  2HI  =  H20+    I  +HI  =  H20  +  l2 

;o.oii  CO.OII 

C  n'H2n'  +  i 

+    I 

CO.OH 


By  dry  distillation,  or  better  by  heating  with  dilute  sulphuric  acid, 
the  a-hydroxy-acids  ai*e  split  up  into  formic  acid  and  an  aldehyde 
(secondary)  or  a  ketone  (tertiary)  : 

CVH2n  +  i.CII(0n).(J0.0H  =  Cn'H2n+i.CH:0  +  H.CO.OII 

(Cn'H2n'+l)2-^OH).CO.OH  =  (Cn'H2n  +  i)2C0  +  H.CO.OH. 

If  oxidising  agents  are  also  present  the  formic  acid  is  in  great  pai*t 
converted  into  carbonic  anhydride,  the  aldehyde  into  the  corresponding 
fatty  acid. 

707.  A  peculiar  property  of  the  oxy-acids  consists  in  their  power 
to  form  two  different  ether-like  derivatives  when  gently  warmed  with 
acids  for  some  time,  or  by  long  standing  in  a  perfectly  dry  atmosphere. 
Two  molecules  then  so  behave  that  one  acts  as  an  alcohol,  the  other  as 
an  acid: 

CVHan  .OH       HO.CO  Cn  Hjn  .  0  .  CO 


J                   +          I  =H20+   i 

CO.OH  


H0.C„.H2„.  CO.OH  HO.Cn.H2n 

This  Jirst  ethereal  anhydride  is  at  once  both  alcohol  and  monobasic 
acid,  and  is  slowly  decomposed  by  water  into  two  molecules  of  the 
oxy-acid,  or  quickly  by  alkalies  yielding  salts  of  the  latter.     In  dry 
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vacuo,  or  on  further  careful  heating,  tlio  fii'st  ethereal  anhydride  again 
loses  water  and  gives  the  second  ethereal  aiihydride  : 

Cn'Ii  2n'  •  ^  •  ^^  C)n'H2n' — O — CO 

I                    I            =H20+    I  I 

CO.OH  H0.C„.H2„.   ^  CO— 0. CnHan 

which  is  also  saponified  by  water  and  basic  hydrates. 

Glycolltc  Acid,  C2H4O3,  and  its  Derivatives. 

Compounds  of  the  Radical  Glycolyly  — CHj.C^. 

708.  The  tetracJdoride  of  this  radical,  CH2CI.CCI3,  is  known,  and 
has  already  been  mentioned  (§  473),  as  tetrachlor  ethane,  obtained  from 
ethane  by  direct  chlorination.  It  is  a  colourless  oil,  which  boils  at 
102°,  and  on  heating  with  solution  of  potassic  hydrate  is  converted 
into  potassic  glycollate : 

CH2CI.CCI3  +  5K0H  =  4KC1  +  CH2(0H).C0.0K  +  2H2O. 

709.  Halogen-substituted  acetic  haloids  are  obtained  either  from 
acetic  chloride  or  bromide  by  action  of  free  halogens  : 

CH3.COCI  +  CI2  =  HCl  +  CH2CI.COCI ; 

or  by  decomposition  of  glycollic  acid  or  its  salts  by  the  phosphorus 
haloids  : 

CH2(0H).C0.0H  +  2PCls  =  2POCI3  +  2HC1  +  CHaCl.COOl; 

and  finally  from  mono-halogen  substitution  derivatives  of  acetic  acid 
by  phosphorus  haloids  : 

3CH2Cl.CO.OH  +  PCI3  =  P(0H)3  +  3CH2CI.COCI. 

They  unite  the  properties  of  alkyl  haloids  with  those  of  the  oxygenated 
acid  radicals,  and  react  with  water  to  form  substituted  acetic  acids : 

CH2CI.COCI  +  H2O  =  HCl  +  CH2CI.CO.OH. 

Chlor-ac'tic  chl<rridej  CHjCl.COCl,  chlorinated  acetylic  chloride,  is 
a  colourless  fuming  liquid  of  sp.  gr.  1*495  at  0°,  l)oiling  at  105°. 

Brom-acetic  chJoridey  CHgBr.COCl,  is  obtained  from  bi*om-acetic 
acid  and  phosphoric  pentacbloride  as  a  licjuid  boiling  at  134°.  With 
water  it  yields  liydrochloric  acid  and  brom-acetic  acid. 

The  isomeric  chlaracetic  bromide,  CUaCl.COBr,  prepared  from 
chlor-acetic  acid  and  phosphoric  bromide,  also  boils  at  134°,  but  is  de- 
composed by  water  into  hydrobromic  and  chlor-acetic  acids. 

Brom-acetic  bromide  boils  at  150°. 

Halogen  Substitution  Derivatives  of  Acetic  Add, 

710.  These  compounds,  which  stand  in  the  same  relation  to  gly- 
collic acid  as  the  alkyl  haloids  to  the  alcohols,  are,  as  a  rule,  prepcu^ 
from  acetic  acid  or  anhydride. 

Chlor-acetic  acid,  CHjCl.CO.OH,  is  formed  by  the  action  of 
chlorine  gas  in  sunlight  on  acetic  add  heated  to  nearly  the  boiling 
point : 

CH3.CO.OH  +  CI2  =  HOI  +  CHaCl.CO.OH. 
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Instead  of  operating  in  sunlight,  some  iodine  can  be  dissolved  in 
the  acetic  acid  and  chlorine  then  passed  into  the  liquid.  Iodine 
chloride  is  first  formed,  which  reacts  with  the  acetic  add,  forming 
chlor-acetic  and  hydriodic  acids ;  the  latter,  by  action  of  further  quanti- 
ties of  chlorine,  yields  hydrochloric  acid  and  iodine  chloride,  which 
reacts  anew  on  the  acetic  acid. 

In  this  process  some  dichlor  acetic  acid  is  always  formed,  which 
can  only  be  removed  from  the  monochlor  acid  with  difficulty ;  it  is, 
therefore,  more  usual,  by  action  of  chlorine,  to  convert  acetic  anhydride 
into  acetic  chloride  and  chlor-acetic  acid  (§  624),  and  to  then  separate 
the  products  by  fractional  distillation. 

Chlor-acetic  add  crystallises  in  rhombic  tables  or  prisms,  melting 
at  62°  and  boiling  at  185*^187°.  They  have  a  caustic  action  on  the 
skin  and  deliquesce  in  air.  The  salts  are  mostly  readily  soluble  in 
water  and  crystallisable.  The  potassic  salt,  CH,C1.C0.0K,  separates 
in  nacreous  plates  on  neutralising  a  cold  alcoholic  solution  oi  potassic 
hydrate  with  one  of  the  acid.     An  acid  potassic  salt : 

CH2Cl.CO.OK,CH2Cl.CO.OH, 

is  also  known.  On  addition  of  argentic  nitrate  to  a  concentrated  solu- 
tion of  the  neutral  potassic  salt,  a  scaly  predpitate  of  argentic  chlor- 
acetate,  CH2Cl.CO.OAg,  is  formed,  which  detonates  when  heated  to 
120^  in  the  dry  state.  All  its  salts  are  decomposed  on  boiling  with 
water,  glycollic  acid  being  formed  (§  705,  3). 

Ethylic  Mor-acetatef  CHjCl.CO.O.CjHj,  is  formed  by  saturating 
a  solution  of  one  part  of  chlor-acetic  acid  in  four  to  five  parts  of 
alcohol  with  hydrochloric  acid.  After  standing  for  twenty-four  hours, 
etbylic  chloride  and  the  greater  part  of  the  alcohol  are  removed  by 
distillation  from  the  water  bath,  and  the  cooled  residue  mixed  wiih. 
several  times  its  volume  of  water.  The  lower  oily  layer  is  then 
washed  several  times  with  water,  dried  over  calcic  chloride,  and  puri- 
fied by  distillation.  It  is  also  obtained  by  the  careful  addition  of  acetic 
chloride  to  ethylic  alcohol : 

CHaCLCOCl  -f  HO.C2H5  =  HCl  -h  CHjCl.CO.O.OaHj. 

It  is  a  colourless,  mobile  liquid,  heavier  than  water,  boiling  at 
143°-144°,  and  whose  vapours  attack  the  eye  violently. 

711.  Brom-acetic  acid,  CH2Br.CO.OH,  is  best  obtained  by  heating 
equal  molecules  of  bromine  and  glacial  acetic  add  to  120°-130°  in 
strong  sealed  glass  tubes.  It  crystallises  in  colourless,  readily  fusible 
rhombohedra,  and  boils  at  208°.  Its  ethylic  salt,  CHaBr.CO.O.CaHj, 
boils  with  partial  decomposition  at  159°. 

lod'ocetic  add,  CHjI.CO.OH.  On  heating  an  alcoholic  solu- 
tion of  ethylic  brom>acetate  with  potassic  iodide,  ethylic  iod-acetate  is 
formed,  which  is  separated  on  addition  of  water  as  a  brown  oil 
which  cannot  be  distilled  without  decomposition.  This  is  readily 
saponified  by  solution  of  baric  hydrate,  and  the  resulting  baric  salt,  on 
treatment  with  the  requisite  quantity  of  sulphuric  acid,  gives  a  solu- 
tion of  iod-acetic  add.  On  evaporating  this  in  vacuo,  iod-acetic  acid 
is  left  in  colourless  rhombic  tables,  which  melt  at  82°  and  decompose 
at  higher  temperatures.  It  is  readily  soluble  in  water,  but  does  not 
deliquesce  in  air.     The  silver  salt  readily  decomposes  in  presence  of 
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water  into  argentic  iodide  and  glycollic  acid.  By  heating  with  con- 
centrated hydriodic  acid  it  is  converted  into  acetic  acid. 

GlycoUic  Acid, 

712.  GlycoUic  acidf  hydroxy-cLcetic  acid,  or  methene  hydrate  car- 
h(mic  acid  J  CH2(0H).C0.0H,  was  first  obtained  by  oxidation  of  an 
aqueous  solution  of  glycocine  acid  with  nitrous  acid. 

It  is  further  formed  by  the  oxidation  of  ethylene  glycol  by  air  and 
platinum  black : 

CHa(0H).CH2.0H  +  20  =  CH2(0H).C0.0H  +  HaO. 

In  large  quantity  it  is  prepared  by  the  oxidation  of  ethylic  alcohol 
with  nitric  add.  100  grams  of  80  %  alcohol  are  placed  in  a  glass 
cylinder,  at  most  5  cm.  wide.  50  grams  of  water  are  then  added  by 
means  of  a  funnel  tube  drawn  to  a  capillary  point,  so  as  to  form  a 
layer  below  the  alcohol,  and  then  170  grams  of  nitric  acid,  of  sp.  gr. 
1*35,  similarly  poured  in,  forming  a  layer  below  the  water.  The  three 
layers  mix,  on  quiet  standing  (in  about  five  days  at  20°-22°),  with  oxi- 
dation of  tiie  alcohol  and  evolution  of  gas.  The  homogeneous  liquid 
is  then  evaporated  in  small  portions  to  a  S3n:iip  on  the  water  bath, 
and  this — a  mixture  of  oxalic,  gly oxalic,  and  gly collie  acids  and  gly- 
oxal — after  dilution  with  ten  times  its  volume  of  water,  neutralised 
at  the  boiling  temperature  with  powdered  chalk.  On  cooling,  the 
whole  becomes  a  stiff  pulp  of  crystals,  which  is  mixed  with  an  equal 
bulk  of  alcohol,  strained  and  pressed.  The  alcoholic  filtrate  serves  for 
the  preparation  of  glyoxal.  The  mixture  of  calcic  salts  is  boiled  with 
water  and  filtered  boiling ;  calcic  oxalate  remains  undissolved ;  the 
cooled  filtrate  deposits  first  odcic  glyoxalate,  or  a  double  compound  of 
it,  with  calcic  glycoUate,  whilst  the  greater  part  of  the  latter  remains 
in  the  mother  liquor.  In  order  to  remove  the  slight  portion  of  gly- 
oxalate still  remaining  in  solution,  the  mother  liquor  is  boiled  with 
calcic  hydrate : 

CH(0H)2  CH(0H)2  CO.Ov 

2  I  I  +  Ca(OH)j  =  2  I         >Ca 

CO.O.Ca.O.CO  CO.O^ 

Calcic  glyoxalate. 

CIIa.OH     CH2.OH 


+    1  I  -l-iHaO 

CO.O.Ca.O.CO 

Calcic  glycollate. 

and  the  filtered  solution  evaporated.     Gly  collie  acid  is  then  liberated 
by  precipitation  of  the  calcium  with  oxalic  acid. 

Glycollic  acid  is  prepared  from  chlor-acetic  acid  by  slightly  over- 
neutralising  an  aqueous  solution  of  the  latter  with  pota£^c  hydrate 
and  then  heating  to  boiling  for  a  long  time.  Whenever  an  acid  reaction 
is  observed  a  slight  excess  of  alkali  is  added,  imtil  the  reaction  of  the 
liquid  remains  faintly  alkaline  after  long  boiling.  It  then  contains 
potassic  chloride  and  i>otassic  glycollate.  After  slight  acidulation 
with  sulphuric  acid,  cupric  sulphate  is  added,  and  the  mixture  allowed 
to  stand  some  days,  when  green  crusts  of  the  difficultly  soluble  cupric 
glycollate  se])arato,  which  is  readily  obtained  chemically  pure  by  re- 
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crystallisatioii  from  boiling  water.  The  boiling  aqueous  solution  is 
then  decomposed  by  hydric  sulphide,  filtered  from  cupric  sulphide,  and 
evaporated  to  a  syrup  on  the  water  bath. 

On  standing  in  a  desiccator  the  syrupy  glycollic  acid  solidifies 
after  a  time  to  a  colourless,  indistinctly  crystalline  mass,  melting  at 
80^  and  deliquescing  in  air.  It  is  a  strong  acid,  £tnd  is  readily 
soluble  in  alcohol  and  ether. 

On  long  heating  to  100°  the  greater  part  volatilises,  leaving  some 
glycoUide  (§  713). 

By  heating  with  sulphuric  acid  it  is  decomposed  into  formic  acid 
and  formic  aldehyde,  the  latter  appearing  as  psu^ormic  aldehyde,  and 
the  formic  acid  in  great  part  splitting  up  into  water  and  carbonic 
oxide : 

3CHj(0H).C0.0H.  =  (CHa  :  0)3  +  3H00.0H. 

Oxidising  agents  readily  convert  it  into  oxalic  acid,  glyoxaUc  add 
probably  being  formed  as  an  intermediate  product. 

By  heating  with  hydrochloric  or  hydrobi-omic  acids,  it  is  recon- 
verted into  chlor  or  brom  acetic  acid  : 

CH2(0H).C0.0H  +  HCl  =  CHaCl.CO.OH  +  H  ^ 

whilst  hydriodic  acid  converts  it  into  acetic  add. 

Riosphoric  chloride  converts  it  into  chlor-acetic  chloride  (§  709). 

The  alkaH  salts  of  glycollic  add  are  extremely  soluble.  The 
calcic  salty  [CH2(OH).CO.Ol2Ca,4H20,  crystallises  in  fine  needles, 
which  dissolve  in  82  parts  of  water  at  10°  and  in  19  parts  at  100°. 
Argentic  glycollate,  [CH2{0H).C0.0Ag]2,H20,  is  a  crystalline  pre- 
dpitate  which  dissolves,  with  blackening,  in  boiling  water. 

Ethereal  Saks  of  Glycollic  Acid, 

712a.  These  compounds  are  obtained  by  heating  glycoUide  with 
the  monacid  alcohols.  Ethylic  gh/coUate,  CH2(OH)CO.O.C2H5,  is  a 
neutral  liquid,  boiling  at  150°,  is  miscible  with  water  and  readily 
saponifiable  by  alkalies. 

Salts  are  also  obtainable  in  which  glycollic  add  plays  the  part  of 
the  base,  as  in  aceto-glycoUic  acid.  By  heating  ethylic  chlor-acetate 
with  anhydrous  sodic  acetate  there  is  obtained  ethylic  aceto-gly- 
coUate  : 

CH2CI  CHa.O.C2H30 

I  +  NaO.OaHjO  =  NaCl  +    I 

CO.O.CaHfi  CO.O.C2H5 

as  a  thin  oil  of  agreeable  fruity  odour,  boiling  at  179°.  If  two  mole- 
ciUes  of  this  are  mixed  with  not  quite  one  molecule  of  calcic  hydrate, 
caldc  aceto-glyoollate  is  obtained  : 

2C2H30.0.CH2.CO.O.C2Hfi  +  Ca(0H)2  =  2HO.C2H5 
+  (C2H30.0.CH2.CO.O)2Ca, 

which  on  evaporation  of  the  solution  is  obtained  in  prismatic  crystals. 
By  boiling  with  excess  of  base,  the  methene-acetate  group  is  readUy 
saponified  : 

(C2H80.0.0H2.CO.O)2Ca  +  Ca(0H)2  =  (C2H30.0)2Ca 

+  (HO.CH2.CO.O)2Ca. 
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713.  Both  the  ethereal  aniiydridea  (§  707)  of  glycollic  acid  are 
known.  By  long  fusion  on  the  water  bath,  or  by  contact  with  the 
vapours  of  sulphuric  anhydride,  glycollic  acid  is  converted,  with  loss 
of  water,  into  an  amorphous  mass,  insoluble  in  water,  the  first  ethereal 
anhydride,  which  fuses  at  128°-130°  and  on  long  heating  yields,  with 
partial  volatilisation,  the  second  ethereal  anhydride,  glycoUide  : 

CHj.OH       HO.CO  CHa 0 CO 

I  +  I         =  HaO  +      I  I 

CO.OH  HO.CHa  CO.OH  HO.CH2 

First  ethereal  anhydride 

CHj— O— CO 
2H2O+    I  I 

CO 0 CHa 

Second  ethereal  anhydride. 

OlycoUide  was  fii-st  obtained  by  heating  tartronic  acid  to  180®  : 
2C3H,05  =  2CO2  +  2H2O  +  C4H4O4, 

but  is  most  readily  obtained  by  long  heating  of  potassic  chlor-acetate 

at  150° : 

CH2CI       KO.CO  CHg.O.CO 

j  +         I        =  2KC1  +  j  I 

CO.OK        CI.CH2  CO .  0 .  CH2 

It  is  an  amorphous  mass,  which  on  long  boiling  with  water  dissolves 
to  glycollic  acid,  and  which  with  two  molecules  of  alkali  quickly 
saponifies  to  gly collates. 

Ethereal  Derivatives  of  Glycollic  Acid, 

714.  These  compounds,  in  which  the  hydroxylic  hydrogen  atom  of 
the  alcohol  gi'oup  is  replaced  by  an  alcohol  radical,  are  obtained  by 
double  decomposition  between  an  alkaline  chlor-acetate  and  a  sodic 
alkylate,  when  one  molecule  of  the  chlor-acetic  acid  is  employed  to  two 
atoms  of  sodium  dissolved  in  the  respective  alcohol,  the  mixture  l>eing 
heated  at  the  end  of  the  violent  i-eaction  : 

CTijCl  CH2.0,C2H5 

I  +  2NaOG2H5  =  NaCl  +     |  +  HO.C2H5 

CO.OH  CO.ONa 

Sodic  chloride  separates  whilst  the  sodic  salt  of  the  alkyl  glycollic 
acid  remains  dissolved  in  the  excess  of  alcohol,  from  which  it  can  be 
precipitated  by  addition  of  ether.  The  alkyl  glycollic  acid  can  be 
liberated  by  addition  of  sulphuric  acid. 

Methyl  glycollic  acidy  CH3.O.CH2.CO.OII,  or  meth^xcyacetic  acid,  is 
a  colourless,  thick,  strongly  acid  liquid  of  sp.  gr.  1*18  and  boiling 
point  198°.  Its  alkali  salts  are  deliquescent,  but  crystallisable,  the 
calcic  salt  amorphous ;  the  readily  soluble  zinc  and  copper  salts  cryfr 
talliso  beautifully  with  two  molecules  of  water : 

(CH3.0.CH2.CO.O)2Zn,2H20. 

Ethyl  glycollic  acid,  C2HS.O.CH2.CO.OH,  or  ethoxyaoetic  acid, 
isomeric    with    ethylic    glycollate,    boils    at  190°,   its    ethylic  salt, 
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CaHftO.CHj.CO.O.CaHg,  at  155°.  The  latter,  on  saponification  with 
alkaHeSy  yields  alkaline  ethyl  glycollates. 

Isoamyl  glycclUc  cund  hoils  at  235°. 

714a.  In  addition  to  the  above  bodies,  which  correspond  to  the 
mixed  ethers,  the  simple  ether  a/nhydride  of  glyoollic  sudd—diglycollie 
acid — 0(CHa.C0.0H)2,  is  also  known,  and  is  isomeric  with  the  first 
ethereal  anhydride.  It  is  obtained,  together  with  glycollic  acid,  by 
boiling  chlor-aoetic  acid  with  bases,  the  yield  being  especially  rich  on 
employment  of  milk  of  lime  : 

CHjCl  CHa— O— CHj 

2  I  +  2CaO  =  CaClj  +  HaO  +    |  | 

CO.OH  CO.O.Ca.0.00 

The  difBcultly  soluble  calcic  salt  separates  from  the  solution  in 
crystals,  leaving  calcic  glycollate  in  solution,  and  may  be  decomposed 
by  oxalic  or  sulphuric  acids. 

Diglycollic  acid  is  also  obtained  by  oxidation  of  diethylene  alcohol 
with  nitric  acid.  It  forms  large  transparent  rhombic  crystals,  which 
dissolve  readily  in  water  and  iilcohol  and  melt  at  148°.  It  is  a 
dibasic  acid,  yielding  acid  and  normal  salts  : 

^.CH2.C0.0  H.  ^.CHa.CO.OK 

.CH2.CO.OK  .OHj.OO.OK 

As  an  ether  diglycollic  acid  is  not  decomposed  by  boiling  with 
excess  of  alkali ;  excess  of  phosphoric  chloride  converts  it  into  chlor- 
aoetio  chloride : 

HO.CO.CHJ.O.CH2.CO.OH  +  3PCI5  =  SPOCaa  +  2HC1 

+  2Cl.CH2.COCl. 

By  heating  ethylic  chlor-acetate  with  dried  sodic  carbonate  di- 
glycoUic  ethyl-eiher  is  obtained  : 

2CICH2.CO.O.C2H5  +  NaaCOa  =  2NaCl  +  CO2 
+  0(CHa.CO.O.C2H5), 

as  a  colourless  oil,  heavier  than  water,  which  boils  at  240°  and  yields 
salts  of  diglycollic  acid  on  saponification. 

The  acid  anhydride  of  glycollic  add,  HO.CH2.CO.O.CO.CH2.OH, 
has  not  yet  been  prepared. 

SvXphur  Derivatives  of  GlycoUic  Add, 

716.  Tkio-glycoUic  Acid, — Of  the  possible  isomeric  thio-glycollic 
acids,  CH2(SII)C0.0H  and  CH2(0H).C0.SH,  only  the  first,  nier-- 
capto-glycoUic  add,  has  been  prepai^ed  by  heating  potassic  chlor-acetate 
with  potassic  sulph-hydrate  : 

CI.CH2.CO.OK  +  HSK  =  KCl  +*HS.CH2.C0.0K. 

It  is  best  separated  by  treatment  of  the  amorphous  diflBcultly 
soluble  lead  salt  with  hydric  sulphide,  and  is  then  obtained  on  evapo- 
ration of  the  aqueous  solution  as  a  nearly  solid,  yellow,  deliquescent 
mass,  of  strongly  acid  reaction. 

The  ethylic  salt,  HS.CHa-CO.O.CjHg,  is  readily  prepared  by  boil- 
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ing  the  acid  with  alcohol  and  some  hydrochloric  acid.     It  behaves  as 
a  true  mercaptan,  e.g.  yields  the  crystalline  mercury  compounds  : 

Cl.Hg.S.CHa.CO.O.CaHs  and  Hg(S.CH2.CO.O.C2H5)2, 

and  is  readily  oxidised  by  nitric  acid  to  sulphonacetic  add. 

Thio-di{jlycoUic  add,  S(CIl2.CO.OH)2,  is  formed  by  heating  chlor- 
acetic  acid  with  potassic  sulphide ;  its  ethylic  salt,  S(CH2.CO.O.C2H5)2, 
a  yellow  oil  boiling  at  267°,  is  formed,  together  with  mercapto-gly- 
collic  acid,  by  heating  ethylic  chlor-acetate  with  an  alcoholic  solution 
of  potassic  sulph-hydrate : 

CI.CH2.CO.O.C2H5  +  HSK  =  Ka  +  HS.CH2.CO.O.C2H5 
HS.CH2.CO.O.C2H6  +  HSK  ==  KS.CH2.CO.O.C2H.,  +  H2S 

KS.CH2.CO.O.C2H5  +  CI.CH2.CO.O.C2H5  =  KCl 

+  S(CH2.CO.O.C2H,). 

The  acid  is  solid  and  crystallises  in  readily  soluble  rhombic  tables, 
melting  at  129°. 

715a.  Sulphonacetic  add,  CH2(S02.0H).CO.OH,  or  sulpho-acetic 
add,  has  already  been  mentioned  as  an  oxidation  product  of  mercapto- 
glycollic  acid ;  it  is  further  formed  by  bringing  together  acetic  acid 
and  sulphuric  anhydride  (comp.  §  513)  : 

CH3  CH2.SO2.OH 

I     +so3  =  r 

CO.OH  CO.OH 

and  by  boiling  an  alkaline  chlor-acetate  with  neutral  sodic  sulphite  : 

CH2CI  NaSOj.ONa  CH2.SO2.ONa 

I  +  =NaCl+     [ 

CO.ONa  CO.ONa 

By  addition  of  sulphuric  acid  to  the  baric  salt : 

CH2<  ^Q^Q'BajHjO, 

it  is  obtained  in  the  free  state,  and  then  forms  colourless,  deliquescent 
prisms,  melting  at  62°-63°.  Its  salts  ai-o  soluble  in  water.  By 
heating  with  excess  of  sulphuric  anhydride  it  is  converted  into  methene 
disulphonic  acid  (§  419)  : 

^^2 1  co!6h   ^  ^^3  =  CH2 1  so'!oH  "*"  ^^2 

Amine  Derivatives  of  Glycollic  Add, 

716.  Ghjcolamide,  C2H5NO2  =  CH2(OH).CO.NH2,  is  obtained 
by  the  action  of  ammonia  on  the  ethereal  stilts  of  glycollic  acid,  and 
also  by  heating  glycoUide  in  an  atmosphere  of  ammonia  gas  : 

CH2.O.CO  CH2.OH 

I  I       +2NH3  =  2    I 

CO.O.CH2  CO.NH2 

It  forms  colourless  crystals,  melting  at  120°,  which  yield  ammonic 
glycoUate  on  boiling  with  water,  and  are  decomposed  by  alkalies  into 
ammonia  and  glyoollates. 


co.o 
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717.  GhfcocvMf  glycocoU,  or  amido-<icetic  acid  : 

CH2.NII2 
CaH^NOj  «=  I  or  C^H.oNA 

CO.OH 

is  isomeric  with  glyoollamide.  As  it  is  at  once  an  amine  and  an  add, 
its  true  composition  is  in  all  probability  that  of  a  salt : 

CHa.NHa  CH2.NH3.O.CO 

\  ,  or  still  more  pi-obably   |  | 

H  CO.O.NH3.CH. 

this  view  being  in  complete  accordance  with  its  propei-ties. 

Prior  to  the  discovery  of  glycollic  acid  glycocine  had  already  been 
obtained  from  different  animal  substances  by  boiling  with  mineral 
acids  or  alkalies — e.g.  from  gelatine  (hence  the  name  glycocine  ^=  sugar 
of  gelatine),  from  hippuric  acid,  and,  together  with  taurocholic  acid 
(comp.  §  528),  from  Uie  glycocholic  acid  occurring  in  the  gall.  It  is 
most  readily  obtained  from  hippuric  acid  (benzoyl  glycocoll),  contained 
in  large  quantity  in  the  urine  of  herbivora,  by  boiling  for  some 
hours  with  concentrated  hydrochloric  acid.  The  solution  is  evapo- 
rated nearly  to  dryness,  and  the  pulpy  residue  extracted  with  a  little 
cold  water,  which  takes  up  glycocine  hydrochloride  and  leaves  the 
resulting  benzoic  acid  nearly  untouched  : 

CH2.N(C7H50)II  CH2.NH2.HCI 

I  +  HCl  +  HaO  =  HO.C7H5O+  I 

CO.OII  CO.OH 

Hippuric  acid.  Benzoic  acid.    Glycocine  hydrochloride. 

The  solution  is  then  boiled  with  plumbic  hydrate,  filtered  from 
the  precipitated  plumbic  oxychlorido,  treated  with  hydric  sulphide  to 
remove  lead,  and  evaj>oratcd  to  crystallisiition. 

It  is  obtained  synthetically  by  heating  chlor  or  brom  acetic  acid 
with  ammonia : 

CHaCl  CHa.NH3.0.C0 

2  I  +  4NH3  =  2NII,C1  +  I  I 

CO.OH  CO.O.NH3.CH2 

but,  as  in  the  preparation  of  the  alkylamines,  the  process  goes  in  pai-t 
further,  diglycollamic  acid  and  triglycoUamic  acid  being  formed. 

Glycocine  forms  large,  hard,  monoclinic  prisms,  unalteral)le  in  air, 
of  strongly  sweet  taste  and  neutral  reaction,  which  dissolve  in  four 
times  their  weight  of  cold  water,  but  little  in  alcohol  and  not  at  all 
in  ether.  It  melts  at  170°,  and  decomposes  at  slightly  higher  tem- 
poraturo  with  carbonisation  and  formation  of  ammonia  and  Kome 
methylamino.  The  latter  is  especially  formed  on  heating  with  baric 
hydrate : 

CHaNHj.O.CO 

I        +  2Ba(0H)j  =  2BaC03  +  2CH3.NH2  +  2H2O, 
O.O.NH3.CH3 

but  not  on  employment  of  alkalies,  which  only  give  ammonia  (comp. 
Nitix>UB  acid  converts  glycocine  into  glycollic  acid. 


i 
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718.  As  organic  aminonic  salt  glycocine  is  altered  by  strong  acids, 
bases,  or  the  salts  of  both. 

By  treatment  with  strong  mineral  acids  glycocine  salts  are  formed, 
which  being  at  the  sumo  time  free  organic  acids,  have  an  add  reaction. 
These  reactions  occur  in  two  stages. 

On  dissolving  a  molecule  of  glycocine  (C4H10N2O4)  in  a  molecule 
of  hydi"Ochloric  acid,  coloui'less  prisms  of  the  formula  : 

C^H.oN^O^.HCl, 

crystallise  on  cooling,  which,  with   excess  of  acid,  yield    the  very 
soluble  compound  C2II5NO2.HCI  : 

CH2.(NH3).O.CO  CHa .  (N  H3).  O.CO 


4-HCl=|  I 

CO  .  0(NH3) .  CII2  CO.OH  CINH3.CH2 

CH2.(NH3).0.C0  CH2.NH3CI 

I  I       +HC1=2| 

CO.OH  CINH3.CH2  CO.OH 

The  latter  gives  with    platinic   chloride  a  readily  soluble,   crystal- 
line double  salt,  (HO.CO.CH2.NH3Cl)2,PtCl4.     The  sulphate 

(HO.CO.CH2.NH3)2S04 

crystallises  with  difficulty. 

Strong  basic  hydrates  give  salts  of  alkaline  reaction  which  are  at 
the  same  time  free  amine  bases  : 

CH2.(NH3).O.CO  CH2.NH2 

I  I        +  2K0H  =  2  I  +  2H2O 

CO .  0(NH3) .  CH2  CO.OK 

Glycocine  yields  with  many  neutral  salts  compounds  which 
generally  crystallise  l:)eautifully,  to  whose  formation  both  the  above- 
mentioned  reactions  combine : 

CH2.(NH3).O.CO  CH2.NH3CI 

!  I        +  2KC1  =  2    I 

CO.O.(NH3).CH2  CO.OK 

719.  Weak  basic  metallic  oxides  or  hydrates  are  also  taken  up  by 
glycocine.  They  ai-e  mostly  the  oxides  of  metals  which  readily 
replace  the  hydrogen  of  ammonia  and  amides,  such  as  copper,  mei*- 
cury,  and  silver.  The  resulting  aystallisable  compounds  are  there- 
fore probably  not  analogous  to  those  of  the  alkalies.  Especially 
chai-acteristic  is  the  cupric  comi>ound,  obtained  by  boiling  a  solution 
of  glycocine  with  cupric  oxide,  which  separates  from  the  deep  blue 
liquid  in  beautiful  blue  needles  of  the  formula ; 

CH2.(NH2).O.CO 


C4H8CuN204,H20  = 


Cu 


,H20 


C0.0(NH2)— CHa 

Their  water  of  crystallisation  is  lost  at  100°.     The  analogous  silver 
compound,  C4HgAg2N204,  separates  in  colourless  anhydrous  crystals. 

E  £ 
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From  these  bodies  the  metal  in  anion  with  nitrogen  cannot  be 
precipitated  by  alkalies.  Copper  glycocine  dissolves  in  alkali  solutions 
with  deep  bine  colour,  a  compound  of  the  formula  : 

Cu(NH.CH,.CO.OK)a, 

doubtless  being  formed. 

On  heating  an  alcoholic  solution  of  glycocine  with  ethylic  iodide 
to  about  120°,  ethylic  glycocine  hydro-iodide  is  formed  : 

CH2.(NH3).O.CO  CHJ.NH3I 

I  I        +  2C,H J  =  2    I 

CO .  0(NH3) .  CHa  CO.O.CaHg 

It  remains  on  evaporation  in  colourless,  rhombic  crystals,  which 
are  also  readily  soluble  in  water  or  ether.  On  shaking  the  aqueous 
solution  with  argentic  oxide,  hydriodic  acid  is  removed,  but  on  evapo- 
rating the  ethylic  amido-acetate,  NH2.CH2.CO.O.C2Hft,  is  decomposed 
by  the  water  into  glycocine  and  ethylic  alcohol. 

720.  Difflycollamic  Acid  and  TriglycoUamic  AcuJ. — As  already 
mentioned,  these  are  formed  in  the  preparation  of  glycocine  from  chlor- 
acetic  acid  and  excess  of  ammonia.  The  resulting  solution  contains,  in 
addition  to  ammonic  chloride  and  glycocine,  the  ammonic  Siilts  of 
diglyoollamic  and  triglyoollamic  acids.  By  evaporation  the  gi-eater 
port  of  the  ammonic  chloride  is  rcmovc<l,  and  the  mother  liquid  is 
then  }x)il6d  with  plumbic  hydrate  until  all  ammonia  is  diiven  off. 
Plumbic  triglyoollamate  separates,  whilst  the  filtei-ed  solution  contains 
glycocine  and  plumbic  diglyooUamate.  This  is  then  ti-eated  with 
hydric  sulphide  to  remove  lead,  and  boiled  with  zincic  carbonate  in 
order  to  separate  diglyoollamic  acid  tin  its  difficultly  soluble  zinc 
salt. 

DifjlycoUamic  acid,  C4H7NO4,  crystallises  in  large,  colourless, 
rhombic  prisms,  not  i)erceptibly  soluble  in  cold  water,  insoluble  in 
alcohol  and  ether.  It  tastes  and  reacts  acid,  and  behaves  towards 
carlx)nates  as  a  monobasic  acid,  but  by  ti'catment  with  strong  basic 
hydrates  takes  up  two  equivalents  of  metal. 

It  is  glycocine,  in  which  the  nitrogen  is  united  to  the  methene 
carbonic  acid  residue  of  glycoUic  acid,  CHj.CO.OH,  in  place  of  a 
hydrogen  atom ;  therefore 


CH2.N(CH2.CO.OH)H 


co.o 


or  probably 


OH2[N(CH2.CO.OH)Ha].O.CO 
CO. 


.0[N(CH2.C0 .  0H)H2] .  Cn2 

With  strong  adds  it  yields  crystallisablo  salts  similar  to  glyco- 
cine, e.g. 

HO.CO.CHa.TLTTT  pi 
HO.CO.CH2.    ^«^^ 

TriglycoUamic  acid,  CgHgNOg,   crystallises    in   very  difficultly 
soluble  small  prisms.     It  is  glycocine  with  two  methene  carbonic  acid 


GLYCOLLAMIC  ACIDS.  419 

groups  on  each  nitrogen  atom,  and  unites  with  carbonates  to  dibasicy 
with  free  bases  to  tribasic,  salts  : 


i 


CH2.N(CH2.CO.OH)2 

/\ 
0.0     H 

Trif^lycollamic  acid 
(probably  i^ith  doubled  formula). 

CH2.N(OHj.CO.OM)2  CH2.N(CH,.00.0M), 

/\  and     I 

0.0    H  CO.OM 

Dibasic  Tribadc 


A 


Salts. 

Mineral  acids  do  not  unite  with  it. 

On  treatment  of  the  tribasic  silver  salt  with  ethylic  iodide,  iri- 
ethylic  trighjcollamate,  N(CH2CO.O.C2Hfl)3,  is  obtamed  as  an  oily 
liquid,  very  little  soluble  in  water,  which  boils  at  290°  with  partial 
decomposition,  and  unites  with  ammonia,  forming  triglycoUa/mic  tri- 
amidef  1^{CH 2-00,1^  112)3'  This  latter  crystallises  in  difficultly 
soluble  tables  ;  these,  on  boiling  with  water,  are  converted  into  free 
ammonia  and  the  dibasic  ammonic  salt,  and  yield  a  crystalline  salt 
with  hydrochloric  acid,  N(CH2.C0.NH2)3HC1. 

721.  OlycohfUmide, — On  heating  glycocine  in  a  stream  of  hydro- 
chloric acid  gas,  water  is  evolved,  and  neutral  crystalline  glyoolylunide 
remains  behind : 

CH3.(NH3).O.CO  CH2.(NH).C0  OH,v 

I  I     =2H20+  I  I       or 2  I       >NH1 

CO .  O .  (NH3)  .CH2  CO  (NH) .  CHj        00  / 

Glycolyl  diamide  is  also  known,  and  is  formed  by  heating  glyoocine 
with  alcoholic  ammonia  at  155°  : 

CH2.(NH3).O.CO  CH2.NH2 

r  I       +2NH3  =  2I  +2HjO 

CO .  O .  (NH3) .  CH2  CO.NH2 

It  is  a  colourless  mass  of  strongly  alkaline  I'eaction,  whose  aqueous 
solution  on  evaporation  partly  decomposes  into  ammonia  and  gly- 
cocine. 

Its  hydrochloride  is  formed  by  heating  ethylic  chlor-aoetate  with 
alcoholic  ammonia  : 

CH.Cl  CH2.NH3CI 

+  2NH3  =  I     .  +  HO.OjHft 

JO.O.CaHft  CO.NH2 

in  the  form  of  readily  soluble  prisms,  but  the  process  also  goes  further 
and  yields  diglycoloxyl  dicrniidamine  hydrochloride  : 

N(CH2.CO.NHa)2H.HCl. 

722.  Alkyl  derivatives  0/ glycocine  are  obtained  by  the  decompocd- 
tion  of  chlor-acctic  acid  by  excess  of  alkylamine  bases.  They  behave 
like  glycocine,  yielding  saline  compounds  with  bases  and  mineral 
acids. 

E  E  2 
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Methyl  gli/cociiui,  or  sarcosiiie  : 

CH2.N(CH3)H 
C3H7NO,=    I     /\ 

CO.O    H 

in  formed  by  long  boiling  of  chlor-acetic  acid  with  methylamine,  and 
was  obtained  eaiiier  as  a  product  of  the  action  of  baric  hydrate  on 
caffeine  and  creatine.  It  crystallises  in  rhombic  prisms  of  sweet 
taste,  which  ai*e  readily  soluble  in  wat<?r,  difficultly  in  alcohol,  com- 
mence to  sublime  at  100*^,  and  melt  at  a  higher  temperature. 

CH2.N(C2H,,)H 
Ethyl  ylycociney   C4H9NO2  ^  |      /\  ,    isomeric    with 

CO.O     II 
ethylic  amido-acetatc,  is  prepai-ed  fi-om  chlor-acetic  acid  and  ethyl- 
amine.     It  deliquesces  in  air  and  is  also  soluble  in  alcohol. 

CIl2.N.(CaH5)2 

Diethyl  (jlycocinc,  C(jlli^^0 2  =  \      /\  ,  is  obtained  simi- 

CO.O     H 
larly  from  diethylamine. 

CIl2.N(CH3)3 
Trimethyl  (jlycochwy  or  betaiiie,  \         \  ,  occurs  in  the  beet 

CO  .  0 
(Beta  vuhjaris)^  and  is  obtained  as  hydrochlonde  by  boiling  chlor- 
acetic  acid  with  trimethylamino  and  by  oxidation  of  choline  hydro- 
cliloiide : 

Cll2.N(Cn3)3Cl  CH2.N(CH3)3C1 

I  +  20  =  I  +  HjO 

CHj.OH  CO.OII 

It  is  very  soluble  in  water,  deliquesces  in  air,  and  ciystallises  from 
nearly  anhydrous  alcohol  in  large  brilliant  crystals,  containing  one 
molecule  H^O,  wliicli  they  lose  at  100". 

Prolwibly  tlie  molecular  formula  of  all  the  above  alkyl  glycocines 
should  be  doubled. 

Cll2.N(C2H30)H 

723.  Acetyl  (jlycodiw,  or  accturic  acid,    \  ,  corro- 

CO.OH 
spending  to  hippuric  acid,  is  obtaineil  from  the  silver  compound  of 
glycocine  and  acetylic  chloride  in  the  form  of  small  white  needles, 
readily  soluble  in  water  and  alcohol.     It  is  a  monobasic  acid,  which 
decomposes  carbonates. 

Urea  Derivatives  of  Glycocine, 

724.  Ghlor-acetyl  urea,  CH2.Cl.CO.NH.CO.NHa,  and  brom-acetyl 
urea,  CH2Br.CO.NH.CO.NH2,  are  formed,  similarly  to  acetyl-urea, 
by  action  of  chlor-acetyl  chloride  and  brom-acetyl  bromide  on  urea. 
They  crystallise  in  colourless  needles,  difficultly  soluble  in  cold,  de- 
composed by  hot  water. 

On  heating  one  of  the  preceding  com|X)und.s  with  alcoholic  am- 
monia, ammonic  bromide  is  forAied,  together  with 
Glycolyl  urea,  or  hydantoin,  C3H4N2O2  : 

CHjBr  NHj.                                              CH2— NH 
I                    >C0  +  NH3  =  NH.Br  +  I  >C0 

CO NH^  CO N  h/ 
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in  the  form  of  colourless  needles  of  sweet  taste,  difficultly  soluble  in 
cold  water,  melting  at  206°,  and  resolidifying  in  crystals  on  cooling. 
HydantoTn  is  also  formed  by  heating  liydriodic  acid  with  allantoTn 
and  alloxamic  acid,  and  by  boiling  glycoluril  with  strong  mineral 
acids. 

CHa-NHv 

Thio-hydanldin,  \  /CS,  is  obtained  on  gentle  heating  of 

CO .  Nil/ 
thio-urca  with  chlor-acetic  acid  and  precipitation  of  the  solution  by 
alkalies.     It  separates  from  water  or  alcohol  in  long  thin  needles. 

On  heating  hydantom  with  solution  of  baric  hydrate,  it  is  con- 
verted into  the  bjiric  salt  of 

HydarUoic  acul,  or  glycoluramic  acid  : 

CHa.NH.CO 
CaHeN.Oa  =  |  | 

00.0  H    NHj 

The  free  acid  crystallises  in  colourless  prisms  of  add  reaction, 
is  soluble  in  water,  but  not  in  alcohol,  and  yields  monobasic  salts. 
The  baric  salt,  (NH2.CO.!NH.CH2.CO.O)2Ba,  is  amorphous,  most  of 
its  other  salts  crystalline. 

It  can  be  prepared  by  heating  glycocine  with  ui^ea  : 

CH2.NH2      NlJa-CO  CHj.NH.CO 

I    /\   +         I     =  Nir3  +  I  I 

CO.O     II  NH2  CO.OH    NHj 

and  by  the  reaction  of  glycocine  salts  on  potassic  isocyanate : 

CH2.NH3CI  Cn2.NH.CO 

I  +KN=C0  =  KC1+  I  I 

CO.OH  CO.OH    NH2 

CH2.N(CH3). 

725.  Af ethyl  hydantoin,  C4H6N2O2  =  |  >C0,  is   ob- 

CO NH/ 

tained  by  fusing  together  methyl  glycocine  with  ui^ea,  as  also  by  long 
heating  of  creatinine  with  solution  of  baric  hydi-ate  at  100°.  It  crys- 
tallises in  colourless  prisms,  soluble  in  alcohol,  melting  at  156°  -158°. 

CH2.N(CH3).CO 
Methjl  hyd<jmtoic  acid,  \  \       ,  can  be  obtained  from 

CO.OH  NIfj 

sarcosine  salts  and  potassic  isocyanate ;  it  ciystallises  in  colourless 
tables ;  on  heating  in  concentrated  solution  it  loses  water  and  yields 
methyl  hydantom.  It  occurs  in  the  organism  after  ingestion  of  sar- 
cosine, then  replacing  urea  in  the  urine. 

Ethyl  glycocine  and  urea  yield  at  120°  ethyl  hydanidin, 
C6H10N2O2.  It  crystallises  in  tabular  prisms,  whicli  melt  at  below 
100°. 

Guanidine  Derivatives  of  Glycocine. 

726.  Guanidine  derivatives  of  glycocine  ai*e  obtained  by  the  action 
of  cyanamide  on  glycocine  and  its  alkyl  substitution  products  (comj). 
§  288),  and  occur  in  part  naturally  as  importmt  products  of  animal 
physiological  pi-ooesses. 
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2B-3* 


Glycoci/amine,  C3H7N3O2,  is  formed  directly  when  a  solution  of 
glycodnc,  cyanamide,  and  some  ammonia  is  left  to  itself : 

CH2.NH2       CN       CH2.NH— a=:NH 

I      /\    +    I       =    I      /\       I  (or  doubled). 

CO.O     H       NHa     00.0     H  NHj, 

It  soon  separates  in  small  colourless  crystals,  soluble  in  126  parts  of 
cold,  more  readily  in  hot,  water,  insoluble  in  alcohol  and  ether.  It  is 
dissolved  readily  by  acids,  forming  with  them  salts  probably  similar 
to  those  of  glycocine.     The  hydrochloride  : 

CH2  .  NHjCl 
\ 


CO.OH     NHa 

crystallises  in  large  colourless  prisms,  and  yields  with  platinic 
chloride  yellowish  rod  monoclinic  piisms  of  the  double  salt : 

(C8H7N302,HC1)2RC1^,2H20. 

Glycocyamine  is  readily  oxidised  to  carbonic  anhydride  and  guani- 
dine  by  means  of  plumbic  dioxide  and  dilute  sulphuric  acid  : 

CIIa.NH— C=NH  ^jj 

j     /\      I  +  30  =  2CO2  +  H2O  +  ^^«>C=NH 

CO.O     H   NHa  ^^2 

On  heating  glycocyamine  hydrochloride  to  160°,  it  melts,  yields 
water,  and  becomes  converted  into  (jlycocyamidine  hydrochloride  : 

CH2-NH2CI  CH2.NH2.CI 

i  \  \ 

CO.OH    C=NH  =  H2O  +  C=zNH 

I  / 

NHa  CO— NH 

The  latter  yields,  with  platinic  chloiide,  yellow  needles  of 

(C3H6N30,HCl)2PtCl4,2H20 ; 

and  by  boiling  with  argentic  oxide  free  (jlycocyamidine  : 

CHa-NlL 
C3H5N3O  =  I  >C=NH 

CO  .  NH/ 

On  evaporating  the  solution  the  latter  separates  in  leafy  crystals  of 
alkaline  reaction. 

Glycocyamidine  stands  in  the  same  relation  to  glycocyamine  as 
hydantoin  to  hydantoic  acid. 

727.  Creatine,  C4H9N3O2,  or  methyl  glycocyamine  ; 

CH2-  N— CH3 
CO.OHC=:NII 


NHa 
Creatine  is  a  never-failing  constituent  of  the  flesh  of  all  vertebrates, 
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and  can  be  obtained  therefrom  by  extraction  with  cold  water.  It 
also  occurs  in  smaller  quantity  in  the  urine  and  other  parts  of  the 
animal  organism.  To  prepare  it  the  cold  aqueous  extract  of  flesh  is 
fi-eed  from  albumin  by  boiling,  and  phosphoric  acid  removed  from  the 
clear  solution  by  addition  of  baric  hydrate,  the  excels  of  the  latter 
removed  by  passing  carbonic  anhydride  into  the  liquid,  which  after 
filtration  is  evaporated  to  a  syrup.  On  cooling,  crystals  of  ci*eatine 
separate,  which  increase  on  long  standing.  They  are  decolourised  by 
treatment  of  their  solution  with  animal  charcoal.  The  granular  con- 
ci*etions  in  commercial  meat  extract  are  due  to  creatine  crystals. 

Creatine  is  obtained  synthetically  by  the  union  of  methyl  glyoocine 
or  sarcosine  (§  722)  with  cyanamido. 

Creatine  cr3rHta1}ises  in  large,  colourless,  brilliant,  short  mono- 
clinic  prisms  of  the  formula  C4H9N302,lIjO,  becoming  cloudy  at 
100°,  with  loss  of  the  water  of  crystallisation.  It  is  soluble  in  74 
parts  of  cold,  and  in  considei-ably  less  boiling,  water.  It  is  insoluble 
in'  a1>solute  alcohol  and  ether. 

With  the  mineral  acids  creatine  yields  saltB  of  acid  reaction 
corresponding  to  those  of  glycocyamine,  whose  solutions  can  only  be 
brought  to  unchanged  crystallisation  at  ordinary  temperatures,  being 
converted  on  heating  into  salts  of  creatinine. 

Creatine  nitrate,  C4H9N302,HN03,  crystallises  in  large  eolourless 
prisms. 

On  boiling  with  solution  of  baric  hydrate,  creatine  is  decomposed 
into  sarcosine,  carbonic  acid,  and  ammonia  : 


CH2— N— CHa 
JO.O  H  C=NH  +  Ba(OH)j  +  H^O  =  CO^Ba  +  2NH3 


i 


NHa 

Cna.N(CH3)H 

+  1      /\ 
CO.O    H 

It  is  oxidised  by  plumbic  pei*oxide  and  sulphuric  acid  to  methyl 
guanidine  (methyl  uramine,  §  288),  carbonic  anhydride,  and  water. 
If  mercuric  oxide  be  employed  as  the  oxidising  agent,  methyl  guani- 
dine oxalate  is  formed : 


CH2.N.CH3  C0.0.N.(CH3)Hjj 

I         \ 

CO.OH  C=NH  +  2HgO  =  Ilgj  + 


^C=NH 


CO.O.NH3 
NHa 

728.  Creatinine f  C4H7N3O,  or  methyl  glycocyamidine  : 

CH3(N.CH3)> 


A 


O   (N  H)/ 


is  readily  formed  from  creatine,  with  removal  of  water,  by  heating 
with  dilute  mineral  acids ;  e.g.  on  evaporating  a  solution  of  creatine 
sulphate  on  the  water  bath,  ciieatinine  sulphate  is  loft,  from  which^ 
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by  treatment  with  baric  carbonate,  the  sulphuric  acid  is  removed  and 
free  creatinine  obtained  by  evaporation  of  the  filtrate. 

Creatinine  does  not  occur  in  flesh,  but  does  in  urine,  a  fully 
grown  man  excreting  about  '6  -  1'3  gram  creatinine  in  24  hours.  In 
order  to  prepare  it  from  urine,  this  is  concentrated  to  about  J  of  its 
bulky  then  made  faintly  alkaline  by  means  of  milk  of  lime,  and 
calcic  chloride  added  so  long  as  a  precipitate — consisting  mainly  of 
calcic  phosphate — falls  down.  The  filtrate  is  evaporated  to  a  syrup, 
the  sodic  chloride  which  crystallises  out  removed,  and  the  mother 
liquor  mixed  with  a  syrupy  solution  of  zincic  chloride.  The  diffi- 
cultly soluble  creatinine  zincic  chloride  soon  sejmrates,  which  is 
purified  by  crystallisation  and  decomposed  by  boiling  with  water  and 
plumbic  oxide.  Basic  plumbic  chloride  and  zincic  oxide  precipitate 
whilst  the  solution  conteins  creatinine  and  creatine — formed  from  the 
former  by  union  with  water — which,  after  evaporation  to  dryness,  are 
separated  by  means  of  alcohol. 

Creatinine  crystallises  iE(  long  colourless  monoclinic  prisms,  which 
dissolve  readily  in  water  and  alcohol,  and  have  a  strongly  alksdine  re- 
action. It  unites  with  acids  to  form  salts  of  neutral  reaction,  which 
contain  an  equivalent  of  acid  to  each  molecule  of  creatinine.  The 
hydrochloride  yields  with  platinic  chloride  a  double  salt : 

(C4H7N30,HCl)2,PtCl4, 

pretty  soluble  in  water,  difficultly  in  alcohol. 

A  very  characteristic  creatinine  salt  is  creatiniTie  zincic  chloride, 
(C4H7N30)2ZnCl2.  In  this  hydrogen  has  been  replaced  by  zinc 
somewhat  in  the  fashion  of  the  formula  : 

CH^CN.CHaK  /H  Hv  /(N.CH3).CH2 

I  >C=n4 Zn ->N=C<  I 

C  O  .  (N  H)/  X51  a^  ^(N  H)  .  CO 

It  crystallises  in  groups  of  fine  needles,  difficultly  soluble  in  water, 
insoluble  in  alcohol. 

With  hydrochloric  acid  it  yields  a  further  veiy  readily  soluble 
crystalline  salt,  (C4H7N30.HCl)2ZnCl2. 

By  long  contact  with  water  creatinine  is  converted  into  creatine, 
especially  in  the  pi'esence  of  basic  hydrates,  so  that  it  can  only  be 
obtained  in  part  unaltered  from  its  salts. 

By  boiling  with  solution  of  baric  hydrate,  ammonia  is  first  evolved, 
methyl  hydanto'in  being  formed  (§  725) : 

CHj.N— CH3  CH2.N— CH3 

NCizrNH  +  H2O  =  NH3  +  I  \C0 

CO  .  N—n  CO  .  N—K 

which  soon  decomposes  into  methyl  glyoocine,  baric  carbonate,  and 
ammonia.  With  mercuric  oxide  or  plumbic  dioxide  and  sulphuric 
acid  it  }ields  the  same  products  as  creatine. 

On  heating  creatinine  for  a  long  time  at  1 00°  with  alcohol  and 
ethylic  iodide,  ethi/l  creatinine  hydriodide,  C4H6(C2H5)N30,HI,  is 
formed,  from  which  argentic  oxide  liberates  ethyl  creatine  : 
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crystallising  in  needles  grouped  in  bundles,  of  strongly  alkaline  re- 
action. 

Lactic  Adds,  C3H6O3. 

729.  The  isomeric  lactic  acids  occupy  the  second  place  in  the  series 
of  hydroxy  acids.  So  far  as  these  are  hydroxy-propionic  adds  there 
can  only  be  two  isomers,  namely  : 

CH3  CHj.OH 

I  I 

CH.Oll  and  CHj, 


i 


O.OH  CO.OH 

a-Hydroxy-propionic  acid,  ^-Hydroxy-propionic  acid, 

or  ethylidene  hydrate  carbonic  acid.  or  ethylene  hydrate  carbonic  acid 

There  are,  however,  four  isomeric  monobasic  acids  known  of  this 
formula,  C3Hg03,  of  which  two,  ordinary  lactic  and  paralactic  a^nds, 
have  the  structural  formula  of  a-hydroxy-propionic  acid;  ethylene 
lactic  acid  is  /5-hydroxy-propionic  acid,  whilst  in  the  case  of  the  fourth, 
hydracrylic  acid,  the  order  of  arrangement  of  the  atoms  has  not  yet 
been  determined  with  certainty. 

1.  Ordinary  or  Fermentation  Lactic  Add, 
Optically  Inactive  Ethylidene  Lactic  Acidf  CH3.CH(0H).C0.0H. 

730.  Ordinary  lactic  acid  occurs  in  small  quantity  in  the  animal 
organbim,  especially  in  the  gastric  juice,  and  is  formed  under  certain 
circumstances  in  the  fermentation  of  some  sugars.  In  the  latter  way 
it  is  formed  in  sour  milk,  in  sauerkraut,  &c. 

It  is  prepared  fronci  propionic  acid  by  means  of  the  halogen  sub- 
stitution products.  On  hoiiting  dry  propionic  acid  with  a  molecule  of 
bmraine  in  closed  tubes  to  1 30°,  the  liquid  soon  decolourises,  and  then 
contains,  together  with  much  hydrobromic  acid,  pnncipally  a-brom- 
propioiiic  acid : 

CH3.CH2.CO.OH  4-  Bra  =  CH3.CHBr.CO.OH  -f  HBr. 

The  salts  of  this  lattei%  on  boiUng  with  water,  alkalies,  or  argentic 
oxides,  are  converted  into  «-oxypropionic  acid,  just  as  the  haloid 
acetic  acids  are  converted  into  glycollic  acid  : 

CH3.CHBr.CO.OAg  -f  H2O  =  AgBr  -f  CH3.CH(0H).C0.0H. 

Its  structure  is  shown  by  its  synthetical  preparation  from  ethylidene 
compounds,  especially  from  ethylidene  oxide  or  acetic  aldehyde  (§  390). 
On  mixing  the  latter  with  hydrocyanic  acid,  they  unite  together  to 
form  ethylidene  hydrate  ci/anide,  which  on  treatment  with  strong 
hydrochloric  acid  is  converted  into  lactic  acid  even  at  the  ordinary 
tem})erature.  Aldehyde  ammonia  is  converted  by  prussic  acid  into 
ethylidene-amide  cyanide,  this  by  aqueous  hydrochloric  acid  into 
alanine,  and  the  latter  is  converted  into  lactic  acid  by  nitrous  acid 
(fonnulte  and  equations,  §  705,  5,  a  and  6). 

Other  methods  of  formation  of  ordinaiy  lactic  acid,  as  from  glyceric 
acid  and  pyrotartaric  acid,  will  lie  mentioned  later  at  their  respective 
places. 

Lactic  acid  is  most  readily  prepared  by  a  peculiar  fermentation  of 
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sugar.  For  this  purpose  3  kil(^n^t^nis  of  cane  sugar  and  15  grams  of 
tartaric  acid  are  dissolTed  in  1 7  litres  of  boiling  water.  Thereby  the 
cane  sugar,  Ci^HsjOii,  is  split  up  under  the  influence  of  the  tartaric 
acid,  and  with  combination  with  a  molecule  of  water,  into  2CgH|20s 
(grape  sugar  and  fruit  sugar).  There  is  then  added,  to  sow  the 
necessary  ferment,  100  grams  of  old  cheese  or  of  putrid  flesh,  mixed 
with  4  litres  of  sour  mHk,  and  1^  kilogram  of  zinc  white  or  zinc  car- 
bonate, and  the  whole  allowed  to  stand  for  a  long  time,  best  at  a  tem- 
perature of  40°-45°.     After  eight  to  ten  days  the  change  : 

CfiHijOg  =  2C3Hg03, 

is  finished,  and  at  the  bottom  of  the  vessel,  in  place  of  the  basic  zinc 
salt,  crusts  of  zincic  lactate  are  found,  which  are  purified  by  recrystal- 
lisation  from  hot  water  and  then  decomposed  in  boiling  solution  by 
sulphuretted  hydrogen.  The  liquid,  freed  from  zincic  sulphide,  is  then 
evaporated  to  a  thin  syrup  on  the  water  bath,  and  separated  firom  any 
un^boomposed  zinc  salt  or  mannite  by  solution  in  ether.  The  sepa- 
rated ethereal  solution  is  distilled  &om  the  water  bath,  and  finally 
warmed  for  some  time  in  an  open  yesseL 

In  this  way  there  is  obtained  a  coloqirless,  strongly  acid  syrup, 
from  whidi,  however,  pure  lactic  add  of  the  formula  CjH^Oj  cannot 
be  obtained.  If  much  water  is  present  there  is  no  doubt  a  body  of 
the  formula : 

CH,.CH(0H).C(0H)3, 

which,  on  further  evaporation,  decomposes  into  water  and  lactic  acid. 
As  soon  as  the  latter  has  attained  certain  proportions,  single  lactic 
acid  molecules  et^rify,  and  both  ethereal  anhydrides  are  formed  in 
greater  proportion  the  further  the  concentration  is  carried.  The 
syrupy  preparation  termed  lactic  add  is  therefore  a  mixture  <^ 
CH3.CH(OH).C(OH)3,  CH3.CH(0H)C0.0H,  CgHioOs,  and  often 
also  of  C6Hg04.  On  further  drying  in  vacuo  over  sulphuric  add  it 
becomes  quite  stifl*,  and  then  consists  essentially  of  the  two  ethereal 
anhydrides. 

By  distillation  of  an  aqueous  solution  much  unaltered  lactic  add 
passes  over  in  the  aqueous  vapour ;  by  heating  the  syrupy  preparation, 
on  the  other  hand,  the  formation  of  the  ethereal  anhydrides  is  increased. 
If  the  temperature  is  raised  slowly,  much  of  the  second  anhydride 
(lactide)  volatilises,  whilst  by  quick  heating  to  higher  temperatures 
the  greater  part  is  decomposed  into  aldehyde,  carbonic  oxide,  and 
water : 

CH,.CH(OH).CO.OH  =  CH3.CHO  4-  CO  -h  HjO. 

By  heating  with  dilute  sulphuric  add  to  1 30°  it  is  decomposed  into 
aldehyde  and  formic  acid  : 

CH3.CH(0H).C0.0H  =  CH3.CHO  -f  HCO.OH. 

Oxidising  agents,  e.g.  chromic  add,  oxidise  it  to  acetic  add,  carbonic 
anhydride,  and  water  : 

CH3.CH(0H).C0.0H  +  20  =  CH3.CO.OH  +  00^  +  OH,. 

By  heating  with  concentrated  hydriodic  add,  lactic  add  is  reduced  to 
propionic  add  (a-iodo-propionic  add  being  firet  formed) : 

CH,.CH(OH).CO.OH  +  2HI  =  H,0  +  Ij  -|-  CH,.CH,.CO.OH. 
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Putrefactive  ferments  convert  a  solution  of  lactic  add  or  its  salts  into 
normal  butyric  acid. 

731.  Lactates, — In  the  replacement  of  hydroxylic  hydrogen  by 
metals,  lactic  acid  acts  as  a  monobasic  acid,  which  is  also  a  monhydric 
alcohol.  Carbonates  only  replace  the  add  hydrogen,  as  do  also 
most  of  the  basic  hydrates  ;  the  alkaline  salts,  on  heating  with  alkali 
metal,  have  their  alcohol-hydroxylic  hydrogen  atom  replaced  also. 

The  neutral  alkali  salts  of  lactic  add  are  deliquescent,  also  soluble 
in  alcohol,  and  yield  on  evaporation  of  their  solutions  solid  amorphous 
masses,  which  melt  on  gentle  heating. 

Sodic  lactate,  CH3.CH(0H).C0.0Na,  after  long  drying  in  vacuo 
forms  a  solid  mass,  consisting  of  fine  hair-like  crystals.  When  fused 
it  dissolves  sodium  with  evolution  of  hydrogen,  and  is  converted 
partially  into  the  compound  CH3.CH(0Na)C0.0Na,  which,  like  the 
sodic  alkylates,  is  decomposed  by  water  into  free  alkali  and  neutral 
salt. 

Calcic  lactate,  rCH3.CH(OH).CO.O]2Ca,5HaO,  crystallises  in  ag- 
gregates of  small  thin  needles,  soluble  in  9^  parts  of  cold  water  and 
also  in  alcohol.  If  the  aqueous  solution  is  mixed  with  two  molecules 
of  lactic  add,  an  acid  salt,  Cfi^iQC€X)^y2C^IlQO^y2'Ei2^2f  crystallises  on 
evaporation.  This  may  be  expressed  by  a  formula  similar  to  that 
given  for  the  add  acetates  : 

CH3  CH3  CH,       CH3 

CH.OH      CH.OH  CH.OH  CH.OH 

HO.C<  Q  >cUO--.Ca--0— C<  ^  >C.OH 

The  double  salt,  C6HjoCa06,2C3H5K03,  obtained  by  evaporation  of 
equivalent  quantities  of  the  calcic  and  potassic  salts,  has  a  similar  con- 
stitution. 

Zincic  lactate,  CfiHioZnOeySHaO,  is  the  most  characteiistic  salt  of 
lactic  acid.  It  crystallises  in  small  colourless  monoclinic  prisms, 
generally  united  to  crusts.  It  requires  for  solution  about  sixty  parts 
of  cold,  and  only  six  pai-ts  of  boiling,  water.  It  is  nearly  insoluble  in 
alcohol.  Ferrous  lactate,  [CH3.0H(OH)CO.O]2Fo,3H20,  possesses 
similar  propeities. 

732.  Ethereal  Anhydrides  of  Lactic  Acid, — As  already  mentioned, 
the  ethereal  anhydrides  are  obtained  from  lactic  acid  in  a  dry  atmo- 
sphei*c  even  at  ordinary  temperatures,  as  also  on  heating,  especially  at 
temperatures  above  100°. 

First  ethereal  anhydride,  lactyl  lactate  : 

CH3.CH(0H).C0.0H 
CeHjoOfi  =  I  J 

CO  .  0  .  CH.CH3 

is  a  yellow  amorphous  mass,  scarcely  soluble  in  water,  but  readily  in 
alcohol  and  ether ;  on  boiling  with  water  or  alkalies  it  is  reconverted 
into  lactic  acid. 

The  dehydration  easily  proceeds  further,  yielding  the  second  ethereal 
anhydride,  or  lactide : 

CII3.CH.O.CO 
CeHeO,  =  [  | 

CO.O.OH.CH, 
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This  is  obtained  in  larger  qnsDtity  when  lactic  add  or  the  first 
ethereal  anhydride  is  heated  for  a  long  time  at  150°  in  a  tabulated 
retort  through  which  a  slow  stream  of  air  is  drawn.  The  neck  of  the 
retort  is  soon  coated  with  a  crystalline  coating  of  lactide,  which  is 
from  time  to  time  removed  by  &<don,  washed  with  cold  alcohol,  and 
finally  crystallised  from  boiling  alcohol. 

Lactide  forms  colourless  rhombic  tables,  melting  at  124*5°  and  dis- 
tilling at  255°.  The  vapour  density  is  4*81 .  It  is  insolaUe  in  water, 
bat  is  slowly  decomposed  thereby  into  the  first  ethereal  anhydride, 
and  finally  into  lactic  add.  It  is  much  more  readily  saponified  by 
alkalies. 

758.  Ethf^lic  lacUUe,  CH3.CH(0H).C0.0.C jH^,  isformed  by  heating 
add,  or  still  better  a  mixtare  of  the  anhydrides,  with  aicohol  to 
170°.  Etbylic  lactate  is  separated  from  the  prodocts  by  fractional 
distillation  as  a  coloarless  liqaid  of  peculiar  odoar,  boiling  at  156°, 
which  mixes  with  water,  bat  is  soon  decomposed  by  this  into  alcohol 
and  add. 

Sodinm  dissolves  in  pare  ethylic  lactate  with  evolation  of  hydrogen, 
as  in  an  alcohol,  yielding  the  so-called  ethyiic  todio-ladaU  : 

Cn3.CH(OXa)CO.O.C,H5, 

a  solid  mass  decomposed  by  water  into  free  alkali  and  ethylic  lactate 
which  then  farther  react  on  each  other  as  above. 

734.  On  mixing  ethylic  lactate  with  an  add  haloid,  e.g.  with 
acetyl  chloride,  the  alcoholic  groap  of  the  former  reacts  ener^tically 
with  the  halogen  compound  (§  608),  ethylic  aeeto-laetaU  being 
formed  : 

CH,.CH.OH  Cn,.CH.0.C,H30 

i  +  Cl.CjHjO  =  HH  +  I 

CO.O.CjH.,      .  CO.O.CjHs 

It  boils  at  177°,  has  an  agreeable  odour,  sp.  gr.  1*0458  at  17°,  and  is 
insoluble  in  water.  If  heated  with  a  little  water  to  150°,  and  then 
submitted  to  distillation,  ethylic  alcohol  passes  over,  whilst  a  strongly 
add  syrup  of  aceto-lactic  acid,  CH3.CH(O.CjH30)CO.OH,  remains 
behind.  This  yields  in  general  gummy  salts,  completely  decomposed 
on  long  heating,  or  more  readily  by  boiling  with  alkalies,  into  lactic 
and  acetic  adds  or  the  respective  salts. 

786.  NiirO'ladic  (tcid,  or  ladic  add  nitrate,  is  prepared  by  intro- 
ducing syrupy  lactic  add  into  a  mixture  of  concentrated  sulphuric 
and  nitric  adds : 

CH,.CH.OH  CH3.CH.O.NO, 

I  +  HO.NO,  +  H,SO,  =  !  +H,S05 

CO.OH  CO.OH 

and  is  extracted  from  the  reaction  mass  afler  dilution  with  water  by 
shaking  with  ether.  It  forms  a  thick,  strongly  add  liquid  but  little 
soluble  in  water,  readily  soluble  in  alcohol  and  ether,  and  decomposes 
on  standing. 

736.  Halogen  Compounds  of  Ladyl, — On  saturating  lactic  add  with 
hydrochloric  or  hydrobromic  add  and  heating  in  sealed  glass  tubes, 
n-halogen  propionic  acids  are  formed  : 
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CH3.CH.OH  OHj.CHBr 

I  +  HBr  =  H2O  +  I 

CO.OH  CO.OH 

The  same  compound  is  formed,  as  already  mentioned,  by  the  action 
of  chlorine  or  bromine  on  propionic  acid,  and  can  be  reconverted  into 
propionic  acid  by  treatment  of  their  aqueous  solutions  with  sodium 
amalgam  : 

CH3.CHCI.CO.OH  +  Naa  =  NaCl  +  CH3.CH3.CO.ONa. 

On   mixing  lactic  acid   or  a   lactate   with   phosphorus  haloids, 
double  haloids  ai*e  formed  : 

CH3.CH.OH  CH3.CHCI 

I  +  2PCI5  =  2POCI3  +  2HC1  +  I 

CO.OH  CO.Cl 

a-Chlor-propionic  chloride. 

The  latter,  on  treatment  with  water  and  alcohols,  only  suffer  de- 
composition in  the  carboxyl  haloid  group,  so  that  a-halogen  propionic 
acids  or  their  salts  ai-e  formed  : 


CH3 

(.CHCl 

CHj 

j.CHCl 

+  HO.C2H5 

=  HCl  + 

1 

CO.Cl 

CO.O.C2H5 

a-Chlor-propionicacidy  C3H5ClO2ssCH3.CHCl.CO.OH,  is  a  colour- 
less liquid  of  strongly  acid  reaction,  of  sp.  gr.  1*28,  boiling  at  186°, 
whiMse  salts  on  long  boiling  with  water  decompose  into  metallic 
chlorides  and  lactic  acid.  Its  ethylic  salt,  CH3.CHCI.CO.O.C2H5, 
boils  at  1 44°.  a-Chlor-propUynic  chloride y  also  termed  lactyl  dichloride, 
is  best  prepared  from  dry  calcic  lactate  and  phosphoric  pentachloride. 
It  is  a  liquid  fuming  in  air,  always  somewhat  decomposed  on  dis- 
tillation, and  cannot  be  separated  completely  from  phosphoric  oxy- 
chloride. 

a-Bram-propimiic  acul,  CH3.CHBr.CO.OH,  boils  at  202°-205°, 
and  solidifies  in  crystals  at  —  1 7°.  Its  ethylic  salt  decomposes  some- 
what on  distillation. 

a- lod -propionic  acid,  CH3.CHI.CO.OH,  is  a  thick  brown  oil 
scarcely  soluble  in  water. 

737.  Ether  Derivatives  of  Lactic  ^cic^.^Compounds  in  which  the 
al(X)holic  hydroxylic  hydi'ogen  in  lactic  acid  is  replaced  by  alcohol 
radicals  can  be  prepared  in  different  ways.  Either  ethylic  chlor  or 
brom  pi*opionate  is  heated  with  sodic  alkylates,  or  ethylic  sodic  lactate 
is  ti-eated  with  alkyl  iodides. 

Ethylic  ethylrlaciate,  CH3.CH(O.C2H5).CO.O.C2H5,  is  most  readily 
prepared  according  to  the  equation  : 

C  H3.CHCI  C  H3.CH.O.C2H5 

I  +NaO.C2H5=  I  +NaCl 

CO.O.C2H5  CO.O.C2H5 

It  is  a  colourless  liquid,  boiling  at  156*5°,  soluble  in  water,  saponified 
by  alkalies  into  the  salts  of 

Ethyllactic  add,  CH3.CH(O.C2H5)CO.OH.  This  latter  is  a 
strongly  acid,  distillable  liquid,  isomeric  with  ethylic  lactate. 
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738.  Amide  Derivatives  of  Lactyl. — Lactic  add,  like  glycollic  acid, 
yields  two  isomeric  amides,  one  from  the  acid  group  and  one,  corre- 
sponding to  glyoocine,  from  the  alcohol  group  of  the  molecule. 

La4!iamide,  CH3.CH(OH).(X).NH2,  is  formed  from  all  the  ethereal 
salts  of  lactic  acid  by  the  action  of  ammonia  in  alcoholic  or  aqueous 
solution : 

OH8.CH(OH).CO.O.C2H5  +  NHj  =  HO.C2H5 

+  CH8.CH(OH).CO.NH2, 

CH8.CH .  O .  CO  CH3.CH.OH 

]  I  +2NH3=  I 

OO.OH  0H(0H).CH3  CO.O.NH4 

NHa.CO 

+  I 

CH(0H).CH3 

and 

CH,.OH.O.CO  CH3.CH.OH 


A 


+  2NH3  =  2 
O.O.CH.CH3  CO.NHj, 


It  crystallises  in  colourless  leafy  crystals,  melting  at  74°  and  dis- 
solving readily  in  water,  alcohol,  and  ether.  On  heating  with  water  it 
yields  ammonio  lactate ;  by  boiling  with  alkalies,  alkaline  lactates  and 
free  ammonia. 

Alcminey  or  amido-propionic  acid,  CH3.CH(N'Hj).C0.0H,  or  more 
CH3.OH.NH3.CO 
probably  I  I  ,  is  obtained  from  a-chlor-propionic 

CO.NH3 .  CH.CH3 
acid  and  ammonia,  or  more  readily  from  aldehyde  ammonia.     This  is 
dissolved  in  excess  of  aqueous  hydrocyanic  and  boiled   for  a  long 
time  with  dilute   hydrochloric    acid.      Ethylidene  amide  cyanide, 
CH8.CH.NHa 

I  ,  first  formed,  is  thereby  decomposed  into  ammonic 

ON 
chloride  and  alanine  hydrochloride.  The  solution  is  evaporated  to 
dryness,  and  the  latter  salt  dissolved  in  alcohol.  To  prepare  alanine 
from  this,  its  aqueous  solution  is  boiled  with  plumbic  hydrate,  filt^:^ 
from  basic  plumbic  chloride,  excess  of  lead  removed  by  sulphuretted 
hydrogen,  and  the  clear  filtrate  evaporated. 

Alanine  crystallises  in  brilliant  rhombic  prisms  of  neutral  re- 
action and  sweet  taste.  Water  dissolves  it  readily,  alcohol  difficultly, 
and  it  is  insoluble  in  ether.  By  careful  heating  it  can  be  sublimed  in 
pai*t  unchanged,  but  readily  decomposes  into  equal  molecules  of  car- 
bonic anhydnde  and  ethylamine.  It  behaves  towards  acids,  alkalies, 
salts,  and  oxides  of  the  heavy  metals  in  like  manner  to  glycocine. 
The  acid  salts,  e.g.  CH3.CH^NH3Cl).CO.OH,  dissolve  in  alcohol, 
react  strongly  acid,  and  generally  crystallise  well.  By  nitrous  acid 
it  is  oxidised  to  lactic  acid. 

On  heating  alanine  in  a  stream  of  hydrochloric  acid. gas  it  loses 
water  and  is  converted  into 
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LiUitimide,  or  kuctoxylimide  : 


CH3.CH.  CH8.CH.(NH).C0 

'      >NH  or  I  I 

0/  CO.  (NH).CH.CH3 


i. 


crystallising  in  colourless  noedlos  or  leaves,  melting  at  275°,  and  dis- 
solving readily  in  water  and  alcohol. 

739.  Lactoxyl  Urea. — If  a  mixture  of  aldehyde  ammonia,  potassio 
cyanidcj  and  potassic  pseudo-cyanate  be  slowly  decomposed  with  hy- 
drochloric acid,  and  the  brown  reaction  product  extracted  with  ether 
alcohol,  there  is  found  in  solution  lactyl  urea,  isomeric  with  methyl 
hydantoin  (§  724).  It  forms  transparent  rhombic  prisms  of  the 
formula  C4B[qN'202,2H20  ;  when  anhydrous  it  melts  at  145®  : 

CH,.CH.NH2 

I  +  HON  +  CO :  NH  +  HCl  =  NH4CI 

OH 

CH3.CH.NH. 
+  I  /CO 

co.nh/ 

On  heating  with  hydrochloric  acid  it  splits  up  into  alanine  hydro- 
chloride, ammonic  chloride,  and  carbonic  anhydride : 

CH8.CH.NH.  CH3.CH.NH3CI 

I  >C0  +  2HC1  +  2H2O  =  I 

CO.NH/  CO.OH 

+  CO2  +  NH4CI. 

Alanine  salts,  when  treateil  with  potassic  isocyanate,  yield  lactur- 
aminic  adJ,  C4H8N3O3,  homologous  with  hydantoic  acid  : 


CH3.NH3CI  GH3.CH.NH.CO.NHj 

+  CO.NK  =  KCH-  I 

^O.OH  CO.OH 


i 


Its  amorphous  baric  salt  is  also  prepared  by  heating  lactyl  urea  with 
baric  hydrate. 

Lacturaminic  add  crystallises  in  small  rhombic  prisms  of  melting 
point  155° ;  it  yields  salts,  which  in  great  part  crystallise  well,  e.g. 
CH3.CH(NH.CO.NH2)CO.OAg,  and  is  also  decomposed  by  hydro- 
chloric acid  into  alanine  hydrochloride,  ammonic  chloride,  and  car- 
bonic anhydride. 

740.  Lactyl  gtianidinej  or  alacreatine  : 

NH2 

I 
C4H9N3O2  =  CH3.CH.NH.C=NH 

CO.OH 

isomoiic  with  creatine,  is  formed  from  alanine  and  cyanamide,  and 
crystallises  in  small  prisms,  requiring  twelve  times  their  weight  of  water 
at  15"  for  solution.  It  comports  itself  quite  similarly  to  glycocyamino 
and  creatine;  e.g.  on  heating  its  salts  are  converted  with  loss  of  water 
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into  salts  of  cUctcrecUinine.     ThiH  latter  crystallises  in  long  prisms  of 
alkaline  reaction  and  of  the  formula 

CH3.OH.NH. 
C4H7N30,H20  =  I  >C:ziNH,HjO 

co.nh/ 

•  ^ 

and,  like  creatinine  and  glyoocyamidine,  forms  a  difficultly  soluble 
compound  with  zincic  chloride. 

741.  NitrUes. —  By  direct  union  of  acetic  aldehyde  with  hydro- 
cyanic acid  there  is  formed  ethylidene  hydraU  cyanide,  or  lactyl  hy- 
drate nitrile,  GH3CH(0H).CN,  a  colourless  liquid  mixing  in  every 
proportion  with  water  and  alcohol.  It  boils  at  183°  with  partial  de- 
composition into  its  components,  and  in  presence  of  aqueous  mineral 
acids  is  transformed  into  ammonic  salts  tmd  lactic  acid. 

The  nitrile  of  ethyl-ether  lactic  acid,  CH3.CH(O.C2H5).CN,  is  ob- 
tained by  distillation  of  its  amide  with  phosphoiic  anhydride  (comp. 
§  545)  as  a  clear,  mobile  liquid  boiling  at  134:°-135°y  whose  sp.  gr.  at 
6°  =  -918. 

2.  Faralactic  or  OpticaUy  Active  Ethylidene  Lactic  Acid, 

742.  Faralactic  acid  occurs,  together  with  ethylene  lactic  acid,  in 
the  juice  of  flesh,  and  is  especially  formed  in  large  quantity  during 
muscular  exertion  and  after  rigor  niortis  has  set  in.  It  can  be  obtained 
from  the  mother  liquor  from  which  creatine  has  been  crystallised 
(§  727)  by  acidulation  and  repeated  shaking  with  ether,  in  which  it 
is  soluble.  The  ethereal  solution  is  separated,  distilled,  and  the 
strongly  acid  residue,  after  addition  of  water,  treated  with  plumbic 
carbonate.  The  Altered  Kquid  is  then  treated  with  hydric  sulphide  to 
remove  lead,  saturated  whilst  boiling  with  zincic  carbonate,  and  the 
liquid  evaporated  till  crystallisation  commences.  Four  to  five  times 
the  volume  of  strong  alcohol  is  then  added,  when  zincio  paralactate 
separates  as  a  crystalline  mud,  which  is  purified  by  repeated  solution 
in  water  and  precipitation  with  alcohol,  and  finally  by  reciystallisation 
from  hot  water.  The  alcoholic  filtrate  always  contains  some  zincic 
ethylene  lactate  in  addition  to  the  paralactate. 

To  prepare  it  from  commercial  flesh  extract,  the  latter  is  dissolved 
in  four  times  its  weight  of  hike- warm  water,  and  then  mixed  with 
double  the  volume  of  90  %  alcohol.  The  brown  precipitate  consists 
mainly  of  inoi'ganic  salts  and  creatine.  The  alcoholic  liquid  contains, 
together  with  other  bodies,  the  salts  of  paralactic  acid  ;  it  is  evaporated 
to  a  syrup,  and  once  moi*e  extracted  with  several  times  its  volume  of 
alcohol.  The  syrupy  residue  left  on  evaporating  this  last  extract  is 
acidulated  with  dilute  sulphuric  acid,  and  the  libei-ated  lactic  acids 
extracted  with  ether  and  purified  as  above. 

The  free  acid  is  prepared  as  a  syrup  by  treatment  of  a  warm  con 
centrated  solution  of  the  zinc  salt  with  hydric  sulphide  and  evapora- 
tion of  the  filtrate. 

Paralactic  acid  completely  resembles  fermentation  lactic  acid, 
except  that  its  aqueous  solution  rotates  the  plane  of  polarisation 
slightly  to  the  right.  By  long  standing  in  a  dry  atmosphere  at 
ordinary  temperatures  it  is  oonvei'ted,  like  fermentation  lactic  acid,  into 
ethereal  anhydrides,  which,  however,  rotate  the  plane  of  a  polarised 
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beam  of  light  strongly  to  the  left  (a  mixture  of  84  %  of  the  first  anhy- 
dride and  16  %  lactide  in  a  tube  -1  metre  long  =  —  85*9°). 

If  the  ethereal  anhydrides  be  prepared  by  heating,  they  are  then 
obtained  optically  inactive,  and  on  saponificfition  by  water  or  alkalies 
yield  ordinary  fermentation  lacrtic  acid. 

On  heating  paralactic  acid  with  dilute  sulphuric  acid  to  130°-150® 
it  is  resolved  into  formic  ficid  and  acetic  aldehyde ;  if  chromic  acid  be 
also  employed,  acetic  acid  is  formed  from  the  latter.  These  are  the 
same  products  as  are  afforded  by  ferinentiition  lactic  acid,  and  there- 
fore the  two  acids  must  have  an  identical  structure,  i.e.  the  elementary 
atoms  must  be  united  together  in  the  same  order.  Fermentation  and 
para  lactic  acids  can  therefore  only  be  regai'ded  as  physic^illy  isomeric 
compounds  (comp.  §  47). 

The  8(dt8  of  paralactic  acid  resemble  those  of  fermentation  lactic 
acid,  but  are  distinguished  therefrom  by  differences  in  the  amount  of 
water  of  crystallisation  and  somewhat  different  solubilities.  These 
differences  are  especially  noticeable  in  the  zinc  salts.  Zindc  paralactate 
contains  only  two  molecules  of  water  of  crystallisation  : 

(C3H,,03),Zn,2H,0, 

and  on  slow  evaporation  crystallises  in  singh  short  and  thick  but 
small  prisms.  It  is  scarcely  soluble  in  alcohol,  dissolves  in  18*5  parts 
of  water  at  14°-15°,  and  readily  yields  supersaturated  solutions,  which 
only  arrive  slowly  at  their  normal  concentration.  Its  solution — as 
those  of  all  other  paralactates — rotates  the  plane  of  polaiisation  to 
the  left. 

Further  derivatives  of  paralactic  acid  have  not  yet  been  prepared. 

3.  Ethylene  Lactic  Add. 

743.  Ethylene  lactic  acid  can  be  prepared  synthetically  from  its 
nitrile.  This,  ethylene  hydrate  cyanide,  is  obtained  by  heating  ethylene 
hydrate  chloride  with  an  alcoliolic  solution  of  potassic  cyanide  : 

HO.CH2.CH2.CI  4-  KCN  ==  HO.CH2.CH2.CN  4-  KCl. 

After  evaporation  of  the  solution  filtered  from  the  potassic  chloride 
the  residue  is  extracted  with  a  mixtui-e  of  equal  volumes  of  absolute 
alcohol  and  ether,  which  dissolves  the  nitrile  and  leaves  it  on  evapora- 
tion as  a  yellowish  syrup.  On  boiling  with  alkalies  it  is  converted 
with  evolution  of  ammonia  into  potassic  ethylene  lactate  : 

HO.CH2.CH2.CN  4-  H2O  +  HOK  =NH3 
4-  HO.CH2.CH2.CO.OK. 

This  salt  is  decomposed  by  an  excess  of  dilute  sulphuric  acid,  and  the 
free  acid  extracted  with  ether.  It  contains  as  a  rule  a  slight  ad- 
mixture of  fermentation  lactic  acid,  from  which  it  can  be  purified, 
though  with  difloiculty,  by  conversion  into  the  zinc  salt,  &c. 

'Hie  same  acid  ap])arently  occurs,  together  with  paralactic  acid,  in 
extract  of  meat,  and  is  found  in  the  alcoholic  solution  filtered  from  the 
zincic  paralactate;  this  yields  on  evapoi*ation  a  syrup  in  which 
numerous  crystals  of  zincic  paralactate  are  embedded.  Its  prepai'ation 
in  a  state  of  approximate  purity  is  attended  with  great  difiBculties,  and 
can  only  be  effected  by  repeated  treatment  with  very  strong  alcohol 

F  F 
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and  final  precipitation  of  a  part  of  the  salt  with  ether,  until  the  zinc 
salt  remaining  dissolved  is  obtained  completely  amorphous  on  evapora- 
tion.    The  free  acid  is  then  liberated  by  hydric  sulphide. 

EthyUtie  Utdic  add  forms  a  S}"rup,  closely  resembling  ethylidene 
lactic  acid.  Its  alkali  salts  are  very  soluble ;  the  sodic  saJt  yields,  on 
complete  evaporation  on  the  water  bath,  a  solid  crystalline  mass, 
soluble  in  alcohol  and  crystallising  from  the  boiling  alcoholic  solution 
in  indistinct  forms. 

Zincic  ethylene  lacttite  is  completely  amorphous ;  it  is  somewhat 
decomposed  at  100°,  becoming  yellow-coloured,  so  that  it  can  only  be 
completely  dried  in  vacuo.  It  gives  at  first  a  transparent  gummy 
mass,  which  becomes  turbid  on  complete  drying.  Its  composition  is 
then  (C3H603)aZn. 

By  oxidation  with  nitric  acid  or  with  chromic  and  sulphuric  acids 
it  yields  no  acetic  acid,  but  carbonic  anhydride  and  oxalic  acids.  A 
mixture  of  paralactic  and  ethylene  lactic  acids,  such  as  is  obtained  fram 
extract  of  meat,  on  the  other  hand,  yields  malonic  acid,  which  can  only 
be  formed  from  the  ethylene  lactic  acid : 

HO.CH2.CH2.CO.OH  +  20  =  HjO  +  HO.CO.CHj.CO.OH. 

(Malonic  acid.) 

By  heating  with  hydriodic  acid  it  does  not  yield  crystalline  iodo-pro- 
pionic  acid. 

4.  Hj/dracrylic  Acid, 

744.  If  glyceric  acid,  obtained  by  the  oxidation  of  glycerine,  be 
heated  in  syrupy  solution  with  phosphorus  iodide,  a  violent  reaction 
occurs  with  evolution  of  hydriodic  acid,  and  on  cooling  the  mass 
solidifies  to  a  crystalline  pulp  of  p-iodo-propionic  acid : 

CjHeO^  4-  3HI  =  I^  +  2H2O  +  C3H.,I02. 

The  same  body  is  obtained  by  heating  acryUc  acid  and  a  solution  of 
hydriodic  acid  at  120°  : 

CaH.Oj  +  HI  =  C3H  JOj. 

It  crystaHises  in  large,  colourless,  brilliant  plates,  which  melt  at  82° 
and  are  difficultly  soluble  in  cold,  readily  in  hot,  water.  By  heating 
with  concentrated  hydriodic  acid  to  at  least  180°  it  is  converted  into 
propionic  add. 

By  treatment  with  chlorine  water  iodine  is  eliminated  and  fl-chhr- 
propionic  acid  formed  : 

2C3HJO2  +  CI2  =  I2  +  2C3H5CIO2, 

which  forms  leafy  crystals  melting  at  40'5°,  and  which  can  also  be 
prepared  by  combining  aciylic  and  hydrochloric  acids. 

fi-Brom-propionic  acid  can  be  pi'epai^d  in  exactly  analogous  manner 
to  the  last ;  it  forms  crystals  melting  at  61*5°. 

745.  On  adding  freshly  precipitated  argentic  oxide  to  a  hot  solution 
of  /3-iodo-propionic  acid,  as  long  as  argentic  iodide  separates,  hydra^ 
cryUc  acid  is  formed  : 

C3H5IO2  +  AgOH  =  Agl  +  C3H5(OH)08. 
The  liquid  is  treated  with  sulphuretted  hydrogen  to  i^emove  excess  of 
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sUver,  and  the  filtrate  saturated  when  hot  with  sdncic  carbonate.  By 
slow  evapoi'ation  zincic  hydracrjlate  is  obtained  in  beautiful  prisms, 
from  which  pure  hydracrylic  acid  can  be  separated  by  hydric  sulphide. 
HydrcLcrylic  acid  is  syrupy,  like  the  other  lactic  acids,  does  not 
yield  ethereal  anhydrides  on  heating  or  acetic  aldehyde  on  dry  distil- 
lation, but  is  converted  into  water  and  acrylic  acid  : 

C3H6O3  =  HaO  +  CaH^Oa. 

By  careful  oxidation  with  chromic  acid  or  nitric  add  it  is  oon- 
yei*ted  into  carbonic  anhydride  and  glycollic  acid,  the  latter  being 
readily  further  oxidised  to  oxalic  acid. 

The  constitution  of  hydracrylic  acid  is  not  yet  sufficiently  clear, 
but  the  results  of  oxidation  and  other  considerations  render  probable 
the  formula : 

CHj.OH 

H.C 

H.C^  OH 

By  heating  with  hydriodic  acid  it  is  readily  reconverted  into  /3-iodo- 
propionic  acid : 

CaHeOj  +  HI  =  H^O  +  CjHJOj,. 

The  salts  of  hydracrylic  acid  differ  very  essentially  from  those  <^ 
all  the  isomeric  adds. 

The  sodic  aaU  separates  from  boiling  nearly  absolute  alcohol  in 
colourless  anhydrous  crystals  of  the  formula  CjHsOsNa,  melting  at 
U3°. 

Calcic  hydracryloitey  (C3H503)3Ca,2H30,  crystallises  in  rhombic 
prisms,  which  readily  part  with  their  water  of  crystallisation. 

Zhwic  hydracrylate,  (C3H503)2Zn,4H20,  crystaUises  in  lai'ge  well- 
formed  triclinic  prisms,  and  is  soluble  in  somewhat  less  than  its  own 
weight  of  cold  water.  On  mixing  solutions  of  equal  molecules  of  the 
zindc  and  calcic  salts,  crystalline  crusts  of  the  difficultly  soluble  double 
salt,  (C3H503)2Zn,(C3ll.ii03)2Ca,  sepai-ate.  All  salts  of  hydracrylic 
acid  lose  water  when  heated  to  180°-200°,  and  are  converted  into  a 
mixture  of  salts  of  acrylic  acid,  C3H4O2,  and  diacrylic  acid,  CgHg04. 

746.  If  /3-iodo-propionic  acid  be  heated  with  ammonia  solution,  it 
yields  ft-amido-propionic  acidy  C3lT5(NH2)03  (or  doubled),  isomeric 
with  alanine,  which  crystallises  in  colourless  monoclinio  prisms.  It 
is  readily  soluble  in  water,  difficultly  in  alcohol,  sublimes  at  170^  on 
careful  heating,  and  carbonises  at  higher  temperatures. 

Hydroxy 'butyric  Acids,  C4H8O3. 

747.  Four  isomeric  bodies  of  this  formula  have  been  obtained. 

1 .  a-Uydroxy-hutyric  Add, — On  heating  butyric  add  for  some  time 
with  a  molecule  of  bromine  to  120°-130°  in  sealed  glass  tubes,  there 
is  formed  principally  a-brom-butyric  add,  CH3.CH2.CHBr.CO.OH,  as 
a  non-cry stallisable  oily  liquid,  which  boils  at  217°  with  partial 
decomposition,  and  yields  an  ethylic  salt  boiling  at  172°.  On  heating 
the  solutions  of  its  alkaline  salts,  they  are  decomposed  into  metallic 
bromide  and  a-hydroxy-butyric  add,  CH3.CH2.CH(OH).CO.OH,  which 

ff2 
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is  purified  by  conversion  into  the  zinc  salt,  very  difficultly  soluble  in 
cold  water,  and  the  free  acid  separated  therefrom  in  the  usual  manner. 
It  crystallises  in  starlike  groups  of  needles  or  prisms,  melts  at 
43^-44°,  and  deliquesces  in  air.  At  higher  temperatures  it  loses 
water  and  is  converted  into  its  ethereal  anhydrides.  Its  zinc  salt  has 
the  formula  (C4H703)2Zn,2H20. 

By  decomposition  of  a-brom-butjn^c  acid  with  ammonia  it  yields 

CH3.CH2.CH.NH2 
amido-butyric  acid,  \       |\  ,  corresponding  to   glycocine 

CO.O  H 
and  alanine,  which  crystallises  in  small  needles  and  leafy  crystals. 

2.  fl'Hydroxy-but^/ric  acid,  CH3.CH(OH).CH2.CO.OH,  is  formed 
by  oxidation  of  its  aldehyde,  aldol  (§  656).  It  is  prepared  syntheti- 
caUy  from  propylene  hydrate  chloride  (§  496)  by  heating  with  potassic 
cyanide  and  boiling  the  resulting  solution  of  propylene  hydrate 
cyanide,  CH3.CH(OH).CH2.CN,  with  potassic  hydrate. 

It  is  most  readily  obtained  by  the  action  of  water  and  sodium 
amalgam  on  ethylic  aceto-acetate  : 

CH3.CO.CH2.CO.OC2H.,  +  Naj  +  2H2O 
=  CH3.CH(OH).CH2.CO.ONa  +  NaOH  +  HO.CjHg. 

Its  sodic  salt  crystallises  from  nearly  absolute  alcohol  in  fine  prisms, 
which  deliquesce  in  air.  The  calcic,  zincic,  and  plumbic  salts  are 
amorphous,  very  soluble  in  water  and  also  in  alcohol. 

At  higher  temperatures  it  decomposes  into  water  and  a-crotonic 
acid: 

CH3.CH(OH).CH2.CO.OH  =  CH3.CH  :CH.CO.OH  +  H2O. 

3.  y-IIydroxij-hutyric  add,  CH2(OH).CHa.CH2.CO.OH,  obtained 
by  action  of  baric  hydrate  on  succinic  aldehyde ;  it  yields  succinic 
add  on  oxidation. 

4.  a-Hydroxy-isohutyricacid,  (0X13)2  :  C(OH).CO.OH,  also  termed 
butyl  lactic  acid,  dimeth-oxalic  acid,  or  acetonic  a^cid,  is  prepared  by 
several  methods. 

Isobutyric  acid  is  converted  into  a-brom-isohtUyric  a^sid  by  heating 
to  140°  with  bromine.  This  is  crystalline,  melts  at  45°,  and  decom- 
poses on  distillation.  When  mixed  with  a  small  quantity  of  water  it 
becomes  oily,  probably  from  formation  of  the  trihydrate  : 

(CH,),CBr.C(0H)3, 

but  agnin  solidifies  after  some  time  in  a  dry  vacuum  ;  it  is  but  little 
soluble  in  cold  water.  By  boiling  with  alkalies  it  is  converted  into 
o-oxyisobutyric  acid. 

As  dimeth-oxalic  acid  this  latter  is  obtained  by  heating  oxalic  acid 
with  methylic  iodide  and  zinc  (§  705,  8),  as  acetonic  acid  from  acetone, 
hydrocyanic  and  hydrochloric  acids  (§  705,  6),  as  butyl  lactic  acid  by 
oxidation  of  isoamylene  glycol  with  nitric  acid. 

a-Hydroxy-isobutyric  acid  crystallises  in  colourless  soluble  prisms, 
which  melt  at  79°  and  sublime  even  at  50°  in  needles.  It  evaporates 
so  readily  in  aqueous  vapour  that  nothing  is  left  on  evaporation  of 
an  aqueous  solution.  By  gentle  oxidation  it  is  first  converted  into 
acetone  and  carbonic  anhydride.     Its  salts  are  all  crystalline,  and  its 
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zino  salt,  like  those  of  all  a-oxy-acids,  is  very  difficultly  soluble  in 
cold  water. 

748.  Nitrile  and  urea  derivativen  of  a-hydroxy-isobutyric  acid  can 
be  prepared  from  acetone. 

The  latter  unites  directly  with  anhydixjus  hydrocyanic  acid  to  form 
the  liquid  nitrile,  (0113)2 :  C(OH).CN,  which  on  distillation  is  re- 
solved into  its  components,  similarly  to  ethylidene  hydrate  cyanide 
(§712). 

If  acetone  be  mixed  with  finely  powdered  potassic  cyanide,  and 
hydrochloric  acid  a<:lded  slowly  until  all  the  latter  is  decomposed,  the 
nascent  elements  of  a  molecule  of  hydrocyanic  acid  unite  with  two 
molecules  of  acetone,  yielding  diacetone-cyaiUiydrin  : 

2(CH8),  :  CO  +  KCN  +  HCl  =  KCl  +  (CH3)a  :  C.O.C  :  (CHa), 

CNOH 

This  latter  crystallises  in  beautiful  biilliant  prisms,  which  sublime 
readily,  melt  above  130°,  and  are  resolved  by  strong  acids  into  am- 
monia, acetone,  and  a-oxyisobutyric  acid  : 

(CH3)a  :  C.O.C  :  (CH3)2  -4-  HCl  +  2H2O  =  (CH3)aC.0H 


CN  OH  CO.OH 

+  CO(CH3)2  +  NH4CI. 

A  mixture  of  acetone  with  potassic  cyanide  and  isocyanate  jrields, 
on  treatment  with  hydrochloric  acid,  acetonyl  urea,  corresponding  to 
hydantoin  (§  724),  and  lactyl  urea  (§  739)  : 

(CHa)^  :  C  .  NH. 
(CH3)jC0  +  HON  +  HNCO  =  I  >C0 

co.nh/ 

It  is  crystalline,  melts  at  175°,  sublimes  in  fine  brilliant  needles  on 
careful  heating,  and  on  heating  with  baric  hydrate  solution  vields  the 

(CH3)2  :  C.NH.CO.NH2 
amorphous  salt  of  a^cetonurainic  add,  |  ,  cor- 

CO.OH 
responding  to  hydantoTc  acid,  which  in  the  free  state  decomposes  into 
water  and  acetonyl  urea.     By  boiling  with  adds  the  latter  is  resolved 
into  ammonia,  carbonic  and  a-oxyisobutyric  acid. 

Hydroxy-vcUeric  Acids,  C5H1QO3. 

749.  Only  three  of  the  numerous  theoretically  possible  oxy  valeric 
acids  are  known. 

1.  a-Uydroxy-UovaUric  add,  (CH3)2  :  CH.CH(OH).CO.OH,  is 
formed  from  a-bram-isovaleric  acid,  (0113)9  :  OH.OHBr.CO.OH  (ob- 
tained by  heating  isovaleric  acid  with  bromine),  by  boiling  with  moLst 
ai'gentic  oxide.  It  crystallises  in  large  colourless  tables,  melting  at 
80°  and  slowly  subliming  below  100°,  which  dissolve  i*eadily  in  water, 
alcohol,  and  ether.  A  mixture  of  chromic  and  sulphuric  acids  oxidises 
it  to  isobutyric  add,  carbonic  anhydride,  and  water.  By  boiling 
ammonic  a-brom-isovalerate  with  ammonia,  a-amido-itovdUrie  add^ 
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(CH,)j :  CH.CH.NH2 


/\     ,  is  formed,  which  crystallises  in  colourless 
H 

leares,  somewhat  sublimable.  It  behaves  towards  acids  and  bases  in 
similar  manner  to  alanine,  glycocine,  &c.  Apparently  the  same  body 
has  been  pi'epared,  imder  the  name  of  butakmine,  from  the  spleen  and 
pancreas  gland  of  oxen. 

2.  Ethrmethroxalic  acid,  ^^«'^^2>C(0H).C0.0H,  the  a-hydroxy 

substitution  product  of  eth-meth-acetio  add,  is  obtained  by  heating 
together  a  mixture  of  ethylic  oxalate,  ethylic  iodide,  and  methylic 
iodide  with  zinc,  in  the  form  of  its  ethylic  salt  (boiling  point  165°). 
This,  on  saponification  with  alkalies,  decomposition  of  the  salt  with 
sulphuric  acid,  and  extraction  with  ether,  yields  the  free  add  in  readily 
soluble  crystals,  melting  at  63°. 

3.  (^'Hydroxy  a-methyl  butyric  acid  : 

CH8.CH(OH).CH(CH3).CO.OH. 

The  sodic  salt  of  this  add  is  obtained  by  the  action  of  sodium  amal- 
gam on  an  aqueo-alooholio  solution  of  ethylic  aceto-meth-acetate : 

CH,  CH3 


Ao 


! 

CH.OH 


I  +2H  +  NaOH=    I  +  CgHvOH 

CH.CHa  CH.CH, 

CO.O.C2H5  CO.ONa 

The  free  acid  does  not  crystallise,  nor  has  it  been  as  yet  obtained  an- 
hydrous, as  on  dr3dng  it  is  gradually  converted  into  a  dehydro-acid. 
oil  distillation  it  yields  a  dimeth-acrylic  acid,  OH3.CH:C(CH3).CO.OH. 

Hydroocij-caproic  Acids,  C6H15O3. 

760.  1.  a-Oxyisocaproic  acid,  Uucic  acid  : 

(CH3)a  :CH.CH2.CII(0H).C0.0H. 

Isovaleric  aldehyde  ammonia  yields,  on  treatment  with  hydrocyanic  and 
hydrochloric  acid,  a-amida-iaocaproic  add : 

(CH3)j:CH.CHa.CH  .  NH, 

CO.O     H 

which  is  converted  into  the  oxyadd  by  treatment  with  nitrous  acid. 
The  oxyacid  crystallises  in  colourless  needles,  readily  soluble  and 
melting  at  73°.     Its  salts  are  mostly  difficultly  soluble. 

A  body  of  great  physiological  importance,  known  as  leuciAne  and 
obtained  as  a  decomposition  product  of  albuminoid  bodias,  is  probably 
identical  with  a-amido-caproic  acid.  It  is  obtained  from  nearly  all 
proteoids  and  from  gelatine  (in  the  latter  case  together  with  glycocine) 
by  putrefa<*tion,  by  action  of  pancreas  ferment,  and  by  boiling  with 
alkalies  and  strong  acids ;  it  occurs  in  small  quantity  in  some  animal 
oigans. 
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From  the  true  albuminoids,  as  also  from  horn  and  elastine,  leucine 
is  invariably  obtained,  together  with  the  more  difficultly  soluble,  and 
therefore  readily  separable,  tyrosine.  Elaatine  gives  the  greatest 
yield.  The  diied  cervical  ligament  of  the  ox,  reduced  to  the  finest 
possible  state  of  division,  is  placed  in  a  hot  mixture  of  two  parts  sul- 
phuric acid  and  three  parts  water,  and  heated  for  several  hours  in  a 
vessel  provided  with  an  inverted  condenser.  So  much  milk  of  lin^e  is 
then  added  that  the  sulphuric  acid  is  exactly  neutralised,  and,  after 
dilution  with  six  times  its  volume  of  water,  the  mixture  is  filtered. 
The  filtrate  is  mixed  with  some  more  milk  of  lime,  boiled  for  several 
hours,  and  the  hot  filtered  liquid  neutralised  with  sulphuric  acid.  The 
clear  liquid,  separated  from  the  calcic  sulphate,  is  then  evaporated  to 
a  thin  syrup,  and  the  mixture  of  tyrosine  and  leucine  separated  by 
crystallisation  from  water. 

Leucine  crystallises  in  white  nacreous  leaves,  of  fatty  feeling, 
soluble  in  27  parts  of  cold  water  and  in  1,040  parts  of  cold  alcohol. 
It  melts  at  170°,  and  sublimes  in  part  iinchanged.  On  stronger  heat- 
ing it  decomposes  into  carbonic  anhydride  and  amylamine. 

Leudc  acid,  prepared  from  leucine  by  action  of  nitrous  acid,  so 
closely  resembles  a-oxycaproic  add  that  they  are  held  to  be  identical. 

2.  a-Hydroxy-dieth'Ocetic  acid,  or  dieth-oxalic  acid : 

(CH3.CH2)2  :C(OH).CO.OH, 

is  prepared  from  ethyl ic  oxalate  and  ethylic  iodide  by  heating  with 
zinc.  It  is  crystalline,  readily  soluble,  sublimes  slowly  at  50°,  melts 
at  74°,  and  is  oxidised  by  chromic  and  sulphuric  acids  to  diethyl 
ketone,  carbonic  anhydride,  and  water. 

3.  ft'IIydroxy  a-ethyl  butyric  acid  : 

CH3.CH(OH).CH(C2H5)CO.OH, 

obtained  by  action  of  nascent  hydrogen,  <fec.,  on  ethylic  aceto-ethyl 
acetate,  is  a  colourless  syrup,  yields  a  dehydro-acid  on  evaporation, 
and  on  distillation.gives  meth-eth-acrylic  acid  : 

CII3.CH  :C(C2n5).CO.OH. 

Hydroxy-cenantJwic  Acid 8,  C7H14O3. 

750a.  a-Ilydroxy-isoenanthoic  acid : 

(CH3)2.CH2.CH2.CH2.CH(OH).CO.OH, 

obtained  as  ethylic  salt  in  the  action  of  zinc  on  a  mixture  of  ethylic 
oxalate  and  isoamylic  iodide ;  the  free  acid  crystallises  in  nacreous 
scales,  fusing  at  60*5°. 

ft-Hydroxy  a-metkyl-ethyl  butyric  acid  : 

CH3.CH(OH).C(CH3)(C2H6).CO.OH, 

is  obtained  by  the  action  of  nascent  hydrogen,  &c.,  on  ethylic  aceto-eth- 
meth-acetate ;  it  requires  further  investigation. 

761.  Of  higher  members  of  the  series  three  oxycaprylic  acids, 
C8H16O3,  have  been  prepared. 

a-Oxycaprylic  acid  : 

CH3.CH2.CH2.CH2.CH2.CH2.CH(OH)CO.OH, 
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is  formed,  similarly  to  alanine,  by  mixing  oenanthol  (§  400)  with  an- 
hydrous hydrocyanic  acid  and  succeeding  distillation  of  the  pi*odiict 
with  strong  hydrochloric  acid,  <kc.  It  crystallises  in  colourless  leafy 
crystals,  melting  at  96*5°,  difficultly  soluble  in  water,  readily  in  alcohol 
and  ether. 

CH3(CHo)5.CH  .  NHj 
The  corresponding  amido-capri/lic  dcidf  \       y/\  ,  ob- 

CO.O      H 
tained  from  oenanthol-ammonia  by  treatment  with  hydrocyanic  and 
hydrochloric  acids,  crystallises  in  white  nacreous  leaves  of  neutral 
reaction,  which  sublime  unchanged. 

Dxisoprop-^ixdlic  ctcid,  (  prT^^CH  j  2C(0H).C0.0H,is  prepared  by 

heating  ethylic  oxalate  with  isopropylic  iodide  and  zinc. 

The  ethylic  salt  first  formed  boUs  at  200°.  The  free  acid  crys- 
tallises in  colourless  needles,  which  melt  at  110°- 111°,  and  are  some- 
what sublimable.  It  is  difficultly  soluble  in  cold  watei*,  readily  in 
alcohol  and  ether.  The  calcic  and  banc  salts  are  readily  soluble  even 
in  cold  water;  the  zinc  salt  foiins  a  flocculent  precipitate. 

fl-Hydroxi/  a-du>thyl  butyric  axdcl,  C  H3.CH(OH).C(C2H5)2.CO.OH, 
obtained  by  the  action  of  nascent  hydrogen,  <&c.,  on  ethyUc  aceto- 
diethyl  acetate,  is  a  thick  liquid,  difficultly  soluble  in  water ;  on  heating 
it  yields  ethylic  aldehyde  and  dieth-acetic  add. 

C12H24O3.     Biisoamyl  hydroxy-acetic  acid  : 

[(CH3)2CH2.CH  2.CH2]2 :  C(OII).CO.OH, 

obtained  at  the  same  time  as  a-hydroxy-isoenanthoic  acid,  crystallises 
in  colourless  satiny  fibres,  melting  at  122°. 

Compounds  op  the  Double  Aldehyde  Radicals,  CnH2n(CJH:)2. 

762.  The  first  hydrocarbon  nucleus  of  the  constitution  of  a  radical 
of  a  double  aldehyde  contains  two  carbon  atoms,  C2H2.  It  occurs  in 
the  free  state  with  triple  union  of  the  carbon  atoms  and  forms 

CH 
AcetyU^ne,  C^ll^  =  ||| 

CH 

Acetylene  is  the  only  hydrocarbon  that  can  be  prepared  dii*ectly 
from  its  free  elements,  this  occurring  when  the  electric  arc  passes 
between  carbon  poles  in  an  atmosphere  of  hydrogen.  It  is  formed 
from  nearly  all  organic  compounds  at  a  strong  red  heat,  and  thei'efore 
occura  regularly  in  coal  gas.  It  can  be  obtained  from  this  latter  in 
considerably  larger  quantity  by  incomplete  combustion,  whether  this 
be  effected  by  deficiency  of  oxygen  or  by  reduction  of  the  temperature 
of  the  flame,  e.g. 

CHj  CH 

2  II        +02  =  2H20  +  2  III 
CHj  CH 

or 

4CH4  +  3O2  =  6H2O  -I-  2C2H2. 
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Calcic  and  potassic  carbides  (bye  product  of  the  preparation  of 
potassium),  when  heated  with  water,  evolve  acetylene. 

The  richest  yield  is  obtained  by  passing  the  vapour  of  brom-ethy- 
lene  (§  649)  into  hot  alcoholic  potassic  hydrate  : 

CHj  CH 

I  +  KOH  =  KBr  +  HjO  +  |l| 

CllBr  CH 

It  is  also  obtained  by  the  action  of  the  *  zinc  copper  couple '  on 
chloroform,  bromofonn,  and  iodoform,  or  by  the  action  of  zinc  on 
chloral  hydrate. 

Acetylene  is  a  colouiless  gas,  liqueiiable  at  a  pressure  of  83 
atmosphei-es  at  18*^,  of  strongly  disagreeable  odour,  and  which  burns 
with  a  very  luminous  ilame. 

Extremely  characteristic  for  acetylene,  as  for  aU  hydrocarbons 
which  corUain  the  triply  united  termitial  yroup  •  CH,  is  the  replace- 
ability  of  the  hydrogen  atom  by  certain  metals.  On  passing  acetylene 
gas  over  heated  alkali  metals,  hydrogen  is  evolved,  and  voluminoiis 
colourless  compounds  are  formed,  e.g.  CH  \  CNa  and  CNa  [  CNa,  which 
are  violently  decomposed  by  water  into  alkaline  hydrate  and  acetylene. 

The  replacement  is  effected  still  more  readily  by  silver  or  copper. 
If  a  gaseous  mixture  containing  acetylene  be  passed  through  an  am- 
moniacal  solution  of  cuprous  chloride,  a  red  precipitate  of  very 
explosive  nature  is  produced  : 

CH         CU.NH3CI  CH  CH 


i' 


2  III     +2  I  +H20=4NH4C1  + 

CH         CU.NH3CI  C.Cua.O.CuaC 

This  precipitate  is  diacetylene  cuprous  oxide. 

Similarly,  acetylene  givas,  with  a  strongly  ammoniacal  solution  of 
argentic  nitrate,  a  white  precipitate  of  diacetylene  a/rgentoxide, 
(H.C  :  C.  Ag.  Ag)20 ;  with  a  weak  ammoniacal  solution  of  argentic 
chloride,  acetylene  argent o-chloride  : 

CH  CH 

+  Cl.Ag.Ag.Cl  4-  NH3  =  NH4CI  +  111 
JH  C.Ag.Ag.Cl 

These  silver  compounds  also  explode  with  great  violence  when  in 
the  dry  condition,  either  by  friction  or  by  heating. 

Both  copper  and  silver  compounds  evolve  acetylene  when  heated 
with  hydrochloric  acid  : 

(CH ;  C.Cu.Cu)20  4-  4HC1  =  2CH  CH  +  2CU2CI2  +  OH.^ 
CH.C.Ag.Ag.Cl  +  HCl  =  CH ;  CH  +  Ag,CL,. 

Acetylene  is  absorbed  by  antimonic  chloride,  yielding  lai*ge  leafy 
crystals,  apparently  of  a  direct  compound  : 

CH  CHCl 

III     +SbCl,=  || 

CH  CH.SbCl^ 

which  at  higher  temperatures  decomposes  into  antimonious  chloride 
and  acetyleiie  dichloride : 

CHChCHSba^  =  CHCl:  CHCl  +  SbClj. 


442    DERIVATIVES  OF  THE  DOUBLE  ALDEHYDE  RADICALS,  C.H 

Ou  heating  the  antimonic  chloride  compound  with  excess  of  anti- 
monic  chloride,  acetylene  tetrachloride  distils  as  a  colourless  liquid, 
boiling  at  147** : 

0HCl:CHSbCl4  +  SbClj  =  2Sb.Cl3  +  CHaa-CHClj. 

Acetylene  dichloride  is  a  colourless  liquid,  which  boils  at  55°,  on 
heating  its  vapour  to  360''  decomposes  into  hydrochloric  acid  and 
carbon : 

and  on  heating  with  alcoholic  potassic  hydrate  yields  potafisic  chloride 
and  acetate: 

OaHaClj  +  3K0H  =  2Ka  +  C2H3O.OK  +  H2O. 

Notwithstanding  the  different  boiling  points  assigned  to  these  com- 
pounds,  acetylene  dichloride  and  tetrachloride  appear  to  be  identical 
with  dichlor  ethylene  and  dichlor  ethylene  dichloride  (§  473),  the 
lower  boiling  points  of  these  latter  being  due  to  their  not  being  com- 
pletely pure. 

These  chlorides  cannot  be  prepared  by  the  direct  action  of  chlorine 
on  acetylene,  as  explosion  with  separation  of  carbon  ensues  on  mixing 
the  two  gases. 

Acetylene  is  absorbed  by  cold  bromine,  and  yields  the  liquid  com- 
pounds acetylene  dihromidCf  CHBr :  CHBr,  and  acetylene  tetrabramide, 
CHBra-CHBra. 

It  unites  with  iodine  at  100°,  forming  the  crystalline  acetylene 
diiodide  CHI  :CHI,  which  melts  at  about  70°. 

It  also  unites  directly  with  hydrobromic  and  hydriodic  adds.  The 
first  yields  ethylidene  dibromide  (§  379)  : 

CH  CHj 

+  2HBr  =    I 
IH  CHBra 

the  latter  the  two  liquid  compounds  iodethylenCi  CHs'.CHI  (§  475) 
and  ethylidene  diiodide,  CH3.CHI2  (boiling  point  182°). 

Nascent  hydrogen  converts  acetylene  into  ethylene ;  this  is  best 
effected  by  bringing  together  diacetylene  cuproso-oxide,  zinc,  and  aque- 
ous ammonia.  Strong  oxidising  agents  (potassic  permanganate)  con- 
vert acetylene  into  oxalic  acid : 

CH  CO.OH 

III     +40=  I 

CH  CO.OH 

753.  Dichlor  aldehyde,  CaHjCljO  =  CHClj.CHO.  The  chief 
product  of  the  action  of  chlorine  gas  on  acetal  (§  405)  is  dichlor  acetal, 
CHCls,.CH(OCaH5)5,  a  liquid  boiling  at  180°,  which  by  distillation 
with  concentrated  si^phuric  acid  yields  dichlor  aldehyde  : 

CHCl2.CH(OC2H5)2  -h  2HaS04  =  2(CaH8)HS04  +  H^O 

+  CHCla.CHO. 

Dichlor  aldehyde  is  a  clear  liquid,  boiling  between  88°  and  90°,  in- 
soluble in  water;  after  some  time  it  is  transformed  into  the  solid 
polymeric  paradiclUor  aldehyde,   the  latter  being  reconverted  into 


% 
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diclilor  aldehyde  at  120°.  By  ti'eatment  with  phosphoric  chloride 
dichlor  aldehyde  yields  tetrachlor  ethane  (§  708),  by  oxidation  dichlor 
acetic  acid. 

CH:0 
764.  Glyoxal,C^njd^=   \    ' 

CH:0 

This  is  formed,  together  with  glycollic  acid  and  glyoxalic  acid,  by  the 
moderated  oxidation  of  ethylene  glycol  and  ethylic  alcohol  with  nitric 
acid  (§  712).  Tlie  preparation  is  effected  as  there  described,  only, 
instead  of  evaporating  the  contents  of  the  cylinder  in  small  portions 
(whereby  the  glyoxal  is  further  oxidised  by  still  unchanged  nitric  acid 
into  glyoxalic  and  oxalic  acids),  the  whole  oxidation  product  is  heated 
for  some  hours  in  a  vessel  provided  with  an  inverted  condenser, 
whereby  the  nitric  acid  is  destroyed  by  the  ethylic  alcohol  and  acetic 
aldehyde  present.  After  neutralising  with  chalk,  and  separating  the 
salts  with  alcohol,  the  alcoholic  filtrate  is  evaporated  on  the  water 
bath  to  a  thick  syrup,  and  again  treated  with  absolute  alcohol, 
whereby  some  more  calcic  glycollate  separates.  The  alcoholic  extract 
is  then  again  evaporated,  and  mixed  with  several  times  its  volume  of 
a  saturated  solution  of  hydric  sodic  sulphite,  and  allowed  to  stand 
for  a  day  in  a  cool  place.  It  then  3rield8  a  large  colourless  crystalline 
{iredpitate  of 

Glyoxal  sodic  sulphite,  or  acetylene  dihydrate  disodic  sulphite : 


CH:0  CH(0H).S03Na 

4-  2HNaS03  +  HjO  =  |  ,  Hfi 

H:0  CH(0H).S03Na 


A 


A  warm  saturated  solution  of  this  body  gives,  on  addition  of  baric 
chloride,  crystalline  crusts  of  the  difficultly  soluble  baric  compoimd 

CH(0H).S03. 
2  I  ^Ba,5H20,  from  which,  by  addition  of  the  requisite 

CH(0H).S03/ 
quantity  of  sulphuric  acid,  glyoxal  is  formed,  sulphurous  anhydride 
being  evolved.  On  evaporation  of  the  filtered  solution,  glyoxal  is  left 
as  an  amorphous  deliquescent  mass,  also  readily  soluble  in  alcohol  and 
ether.  Like  all  aldehydes,  it  is  converted  by  alkalies  into  a  yellow 
resinous  mass,  partially  with  formation  of  glycollic  acid  : 


CH:0  CHa.OH 

+  HOK  =  I 

CO.OH 


I 

CH:0 


and  reduces  the  oxides  of  noble  metals,  being  itself  oxidised  to  gly- 
oxalic and  oxalic  acids : 

CH:0  CO.OH 

I  4-  2Ag20  =  2Aga  +   I  (oxalic  add) 

CH:0  CO.OH 

Dilute  nitric  acid  oxidises  it  principally  to  glyoxalic  add : 

CH:0  CH:0 

I  40=    I 

CH:0  CO.OH 
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On  treatment  of  a  solution  of  glyoxal  in  strong  acetic  acid  with 
hydrochloric  acid,  a  white  amorphous  mass  is  precipitated,  which  is 
insoluble  in  water,  ether,  chloroform,  &c.  It  has  the  composition 
CJ2H14O13,  and  must  be  produced  according  to  the  equation  : 

eCaHaOa  +  H^O  =  C12H14O13, 

and  is  therefore  termed  kexaglyoxal  hydrate.  Its  constitution  is  un- 
known. Treated  with  acetylic  chloride,  a  hydrogen  atom  is  replaced 
by  acetyl  and  an  insoluble  white  amorphous  powder,  hexaglyoxal 
cbcetate,  Ci2Hi3(C2H30)Oi3,  formed. 

Dichlor  acetal  (§  753)  is  converted  by  long  heating  with  sodio 
ethylate  into  glyoxal  acetal : 

CHCl2.CH(OC2H5)2  +  2NaOC2H6  =  2NaCl  +    | 

CH(OC2H5)2 

a  colourless  liquid,  lighter  than  water,  boiling  at  180°. 

755.  When  glyoxisd  is  dissolved  in  aqueous  ammonia,  two  basic 
compoimds  are  slowly  formed. 

Glycosiney  0^116^4,  separates  in  small  needles,  insoluble  in  water, 
and  yields  soluble  crystalline  salts  with  two  equivalents  of  acid.  The 
platino-chloride  has  the  formula  C6H6N4,2HCl,PtCl4.  Without 
doubt  glycosine  belongs  to  the  nitrile  bases  of  the  aldehyde  radicals 
(comp.  §§  423  and  424),  and  its  formation  may  be  represented  by  the 
equation  : 

3CH0.CH0  +  4NH3  =  6H2O  +       >CH.CH< 

OlyooccUiney  C3H4N'2,  or  more  probably  CgH8N4,  is  readily  soluble 
in  water.  Its  platino-chloride  is  C6HgN4,2HCl,PtCl4.  Its  forma- 
tion from  glyoxal  has  not  yet  been  completely  explained. 

756.  No  member  of  the  group  coi\taining  three  carbon  atoms  is 
known ;   the  four- carbon  member 

CH2.CH:0 
Succinic  aldehyde^  Q^^O^  =  | 

CHa.CHiO 

is  prepared  from  succinic  add  (which  it  again  yields  on  oxidation)  by 

CH2.coa 

first  heating  with  phosphoric  chloride,  when  the  dichloride,  |  , 

CH2.COCI 
is  obtained,  which  on  further  treatment  with  acetic  acid  and  sodium 
amalgam  exchanges  its  chlorine  for  hydrogen.     Succinic  aldehyde  is 
liquid,  boUs  at  201°-203®,  is  soluble  in  water,  and  yields  a  crystal- 
line compound  with  hydric  sodic  sulphite. 

Derivatives  of  the  Double  Ketone  Eadicals. 

757.  Only  a  single  body  of  this  class  is  known  with  certainty — 
ethylene  diethyl  diketone  : 

C3H14O2  =  C2H5.CO.CH2.CH2.CO.C2H5. 
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It  is  prepared  by  action  of  succinyl  chloride  on  zinc  ethyl,  which 
is  dilated  with  benzene,  in  order  to  moderate  the  violence  of  the 
reaction : 

CH2.COCI  CH2.CO.C2Hs 

I  +  Zn{C^U,)^  =  ZnCla  +  | 

CH2.COCI  CH2.CO.C2H5 

It  is  a  faint  yellow,  mobile,  oily  liquid,  heavier  than  water.  . 

Derivatives  of  Ketone  Aldehyde  Radicals. 

758.  To  this  group  belong  some  hydrocarbons,  Cn.H2n'+i.C:H, 
homologous  with  acetylene,  and  their  derivatives. 

AUtjhne,  CH3.C :  CH. 

769.  AUylene  is  prepared  (analogously  to  the  preparation  of 
acetylene  from  the  halogen  substitution  products  of  ethylene)  by  the 
action  of  an  alcoholic  solution  of  sodic  ethylate  on  chlor-  and  brom- 
propylene  (§  658) : 

CH3.CCI :  CH2  +  NaOC2H5  =  NaCl  +  HO.C2H5  +  CH3.C  \  CH, 

and  by  the  decomposition  of  its  tetrachloride,  dichlor-acetone  chloride, 
with  sodium : 

CH3.CCI2.CHCI2  +  2Na2  =  4NaCl  +  CH3.C  \  CH. 

It  is  a  colourless  gas  which  gives  precipitates  in  ammoniacal 
solutions  of  cuprous  and  argentic  compounds,  of  similar  constitution 
to  the  acetylene  compounds.  The  cuprous  precipitate  is  siskin  green, 
and  silver  compound  white  crystalline  and  has  the  formula  ; 

(C3H,)2Ag2  : 

Ag.NHgCl  CH3.C :  C.Ag 

2CH3.C  ••  CH  +    I  =  2NH4CI  +  I 

Ag.NHgCl  CH3.CiC.Ag 

When  treated  with  acids  allylene  is  evolved. 

Allylene  yields  two  colourless  oily  compounds  with  bromine, 
aUylene  dibromide,  CHg.CBr  :  CHBr,  boiling  at  130^-131^  and  of 
sp.  gr.  2*05,  and  aUylene  tetrabromide,  CHg.CBrQ.CHBrj,  of  sp.  gr. 
2*94,  which  cannot  be  distilled  unchanged.  Allylene  combines  slowly 
with  iodine,  forming  allylene  diiodide,  CH3.CT.CHI,  a  liquid  boiling  at 
198°. 

Hydrochloric  and  hydrobromic  acid  are  absorbed  directly  by 
allylene  with  formation  of  dihaloids  of  the  acetone  radical.  Hydro- 
chloric acid  yields  dimethyl  carbin-dichloride  (§  445) : 

CH3.C  :  CH  -f  2HC1  =  CH3.CCI2.CH3, 

hydrobromic  acid  giving,  in  addition  to  the  corresponding  dimethyl 
carbin-di bromide,  CH3.CBr.CH3,  also  propenyl  bromide  : 

CH3.C  :  CH  +  HBr  =  CH3.CH.CHBr, 

boiling  at  48°  and  isomeric  with  brom-propylene. 

With  hydriodic  acid   it  forms  an  oil   isomeric   with   propylene 
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diiodide,  which  has  at  (f  sp.  gr.  2*44,  and  boils  with  decomposition  at 
1470-1 480.     It  is  probably  dimethyl  carlnn-diiodide,  CHa.CIj.CH,. 

AUylene  dichloride,  CHj.CCl :  CHCl,  has  not  yet  been  prepared 
from  allylene,  but  is  obtained,  together  with  the  isomeric  dichlor-glycid, 
by  action  of  potassic  hydrate  on  methyl  chlor-aoetol : 

CH3.CC1,.CH,C1  +  KOH  =  KCl  +  H,0  +  CH3.CCI :  CHCL 

It  is  a  liquid  boiling  at  75°. 

700.  The  dihalogenised  acetones  obtained  by  direct  substitution 
from  acetone  may  be  considered  amongst  the  allylene  derivatives. 

Un8ymmetrical  dichlor-acetone,  CH3.CO.CHCI2)  obtained  by  action 
of  chlorine  on  acetone,  is  a  liquid  boiling  at  120°  and  of  sp.  gr.  1*236. 
Phosphoric  chloride  converts  it  into  the  so-called  diMor-aoekme 
chloride  : 

CH3.CO.CHCI2  +  PCI5  =  POCI3  +  CH3.CC1,.CHC1„ 

which  is  without  doubt  aUylene  tetrachloride.  It  boils  at  153°  and 
has  sp.  gr.  1*47  at  13°. 

701.  Propyl  acetylene,  C5Hg=CH3.CH2.CH2.C :  CH,  is  the  only 
one  of  the  numerous  hydrocarbons  of  the  formula  CnH^n  _  s  truly  homo- 
logous with  allylene.  It  is  obtained  by  the  action  of  alcoholic  potassic 
hydrate  upon  the  dichloride  of  the  methyl-propyl  ketone  radical : 

CH3.CH2.CH2.CCI2.CH3  +  2K0H  =  2KC1  +  2H2O 

-|-  CIx3.dx2.CH2.0  ;  0x1. 

It  is  a  liquid  boiling  at  50°,  which  gives  a  yellow  precipitate  in  an 
ammonia(»I  solution  of  cuprous  chloride  and  a  white  precipitate  with 
the  corresponding  silver  compound. 

Derivatives  of  the  Aldehyde  Double  Alcohol  Radicals, 

702.  Of  this  group  scarcely  anything  is  known  but  unsaturated 
compounds;  namely,  the  aldehydes  of  the  unsaturated  alcohols 
CnHjn.  |0H.  The  first  member  of  the  group  is  acrolein,  the  aldehyde 
of  aUylic  alcohol ;  but,  as  it  differs  greatly  in  its  chemical  behaviour 
from  the  true  aldehydes  containing  the  group  CH  :  O,  it  is  doubtful 
whether  the  formula  CH,  :CH.CH  :  0  should  be  assigned  to  it,  or  if 
its  properties  do  not  correspond  better  with  the  expression  : 

CHaiC 

i> 

CHa 

Its  relations  to  hydracrylic  and  glyceric  adds  agree  with  the  latter 
formula,  but  as  the  question  is  still  imsettled  it  will  be  viewed  here 
as  a  true  aldehyde. 

Acrolein,  C3H4O  =  CHj  :  CH.CH  :  O. 

703.  Acrolein  is  formed  by  the  careful  oxidation  of  ally  lie  alcohol, 
by  the  dry  distillation  of  glycerin  and  its  salts  (the  fats),  and  by  the 
action  of  bromine  on  acetone. 
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To  prepai'e  it  one  part  of  anhydrous  glycerine  is  mixed  with  two 
parts  of  hydric  potassic  sulphate  and  the  mixtui'e  submitted  to  dry 
distillation.     The  decomposition  pi-oceeds  according  to  the  equation  : 

CHa.OH  CHa 

I  II 

CH.OH    =  2H2O  +  OH 

I  I 

CH2.OH  CH :  O 

The  distillate  is  then  carefully  mixed  with  calcic  chloride,  some 
plumbic  oxide  added  to  i-emove  any  admixed  sulphurous  acid,  and 
then  rectified  on  the  water  bath. 

Acrolein  is  a  thin  colourless  liquid,  boiling  at  62°,  of  most  irritating 
odour.  It  is  lighter  than  water  and  requires  about  forty  parts  of  the 
latter  for  solution.  It  mixes  with  alcohol  and  ether  in  every  propor- 
tion. On  keeping  it  is  transformed  into  a  white  amorphous  substance, 
disaci^yl,  a  polymer  of  unknown  molecular  weight  and  structure,  from 
which  acrolein  cannot  be  regained. 

It  does  not  yield  n  crystalline  compound  with  acid  alkali  sulphites. 
Nascent  hydrogen  convei-ts  it  into  allylic  alcohol,  alkalies  resinify  it, 
argentic  oxide  oxidises  it  to  acrylic  acid. 

On  passing  hydrochloric  acid  into  acrolein,  an  oil  is  obtained 
solidifying  in  needles,  C3H4O.HCI,  which  on  distillation  alone  is 
resolved  into  its  components,  but  with  potassic  hydrate  yields  meta- 
crolein. 

Metacrolein,  probably  C9H12O3  =  3C3H4O,  forms  colourless 
crystals  insoluble  in  water,  melting  as  50®  and  boiling  at  170°.  At 
somewhat  higher  temperature  (in  part  also  during  distillation)  the 
vapours  dissociate  into  acrolein. 

Phosphoric  chloride  reacts  with  acrolein  according  to  the  equation  : 

C3H4O  +  PCI5  =  POCI3  +  C3H4CI2. 

The  resulting  dichloride  is  a  mixture  of  two  isomeric  liquid  com- 
pounds, of  which  one,  termed  acrol  cfdoride,  boils  at  84°,  and  probably 
has  the  formula  CHj  :  CH.OHCI2,  whilst  the  other  is  dichlar  glycid 
(§767). 

Acrolein  imites  directly  with  two  atoms  of  chlorine  or  bromine. 
Nitric  acid  converts  the  dibromide,  C3H4Br20,  into  a  polymeric  com- 
pound, which  crystallises  in  prisms  or  leaves  and  melts  at  59°. 

Acrolein  and  ammonia  react  in  alcoholic  solution  to  form  a  brown 
or  yellow  amorphous  compound,  acrolein  ammonia,  which,  however, 
does  not  correspond  to  the  alkylidene  hydi*ate  amides,  but  is  homo- 
logous with  oxyteti*aldine  (§  424) : 

2C3H4O    +    NH3  =   H2O    -h    CgHgNO. 

It  forms  amorphous  salts  with  acids,  and  decomposes  into  picoline  and 
water  on  dry  distillation. 

764.  IsodiMor  glycid,  or  fi-chlor-aUyl  chloride^  CHjCl.CH  :CHC1, 
isomeric  with  allylene  dichloride  and  acrol  chloride,  is  formed,  together 
with  dichlor  glycid,  when  glyceryl  trichloride  is  decomposed  by 
alkalies,  as  a  colourless  liquid,  boiling  at  109°.     It  is  formed  in  larger 


448   ALDEHYDE  DOUBLE  ALCOHOL  RADICAI^,  CnHa«_a. 

quantitj  by  heating  dichlor-hydrin  (§  679)  with  phosphoric  anhy- 
dride : 

CHaCl.CH(0H).CH2Cl  +  PjO^  =  2HPO3  +  CH2CI.CH  :  CHCl. 

It  combines  directly  with  chlorine,  forming  CH2CI.CHCI.CHCI2. 

a-Crotonic  Aldehyde,  C^HgO  =  CH3.CH  :  CH.CHO. 

766.  n-Crotonic  aJdehi/dey  also  known  as  crotonic  aldehyde,  is 
obtained  from  acetic  aldehyde  by  long  heating  at  100°  with  a  con- 
centrated solution  of  potassic  acetate,  or  with  zincic  chloride  and  a 
little  water : 

2CH3.CHO  =  H2O  +  CH3.CH  :  CH.CHO, 
and  from  aldol  (§  656)  by  distillation  : 

CH3.CH(OH).CH2.CHO  =  H^O  +  CH3.CH  :  CH.CHO. 

Crotonic  aldehyde  is  a  mobile,  colourless  liquid,  which  after  mo- 
mentary fruity  odour  acts  on  the  eyes  and  nose  like  acrolein.  It  boils 
at  104°-105°,  is  somewhat  soluble  in  water,  and  by  oxidation  (slowly 
in  air,  rapidly  by  argentic  oxide)  is  converted  into  a-crotonic  acid. 
With  phosphoric  pentachloride  it  yields  crotonal  dichloride  : 

CH3.CH  :  CH.CHCI2, 

an  oil  boiling  at  125°-1 27°,  and  unites  directly  with  hydrochloric  acid, 
forming  chlor-butyric  aldehyde  : 

CH3.CH  :  CH.CHO  -h  HCl  =  CH3.CH2.CHa.CHO. 

Derivatives  of  Ketone  Double  Alcohol  Radicals. 

laallylene,  CH2  :  C  :  CHj,  a/rui  Glf/cid  Compounds. 

766.  hallylene,  a  gaseous  hydro-carbon  isomeric  with  allylene, 
and  to  which  the  formula  CH3  :  C  :  CHj  has  been  assigned,  is  only 
prepared  by  the  electrolysis  of  potassic  itaconate.  It  gives  no  precipi- 
tate with  ammoniacal  solutions  of  silver  salts ;  it  combines  directly 
with  bromine  to  form  cn'stalline  isallylene  tetrabromide  : 

Cn2Br.CBr2.CH2Br. 

Its  direct  relation  to  the  following  glycid  compounds,  though  not  yet 
shown  directly,  is  still  scarcely  doubtful. 

Glt/cid  Compounds  or  DerivcUives  of  a-suhstituted  AUyl, 

767.  On  bringing  together  glyceryl  trichloride  with  powdered 
potassic  hydrate,  an  energetic  reaction  ensues,  in  which  a  hydrogen 
and  a  chlorine  atom  are  removed,  and  there  is  formed 

Diddor glycid,  CHj  :  CCl.CHaCl,  or  a-chlor-allyl  chloride,  probably 
the  dichloride  of  isallylene,  isomeric  with  allylene  dichloride,  isodi- 
chlor  glycid,  and  acrol  chloride.  It  is  a  mobile  liquid  of  agreeable 
ethereal  odour,  which  boils  at  94°  and  combines  with  a  molecule  of 
chlorine,  forming  dicfihr-glycid  dichloride,  CHjCLCCla-CHjCl,  of 
boiling  point  164^.  It  also  unites  with  a  molecule  of  bromine,  forming 
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diehlor-glycid  dibromidef  CHaBr.CClBr^CHaCl,  a  liquid  of  sp.  gr.  2*1 
and  boiling  point  22 1'^. 

By  heating  with  six  times  its  volume  of  sulphuric  add,  and 
distillation  of  the  product  with  water,  it  is  converted  into  mono- 
chlor-acetone  (§  660).  The  process  may  be  represented  by  the  equa- 
tions : 

CHaiCCLCHaCl  +  HO.SO2.OH  =  CH3.CCl(0.S0j.0H).CHaCl 

and 

CH3.CC1(0.S02.0H).CH2C1  +  H2O  =  H2SO4  +  HCl 

+  CH3.CO.CH2CI. 

Dibrom-glycidy  CHg :  CBr.CHjBr,  or  a-brom-allyl  bromide,  prepared 
from  glyceryl  tribromide  and  potassic  hydrate,  boils  at  151®-152®. 

768.  When  dibrom-glycid  is  heated  with  the  salts  of  monobasic 
acids,  it  exchanges  only  one  bromine  atom — the  terminal  one — ^for  the 
acid  radical,  and  yields  a-hrom-aUylic  salts : 

CH2  :  CBr.CH2Br  +  AgO.NOa  =  AgBr  +  CH,  :  CBr.CHa.O.NOg. 

a-Brom-alljlic  nitrate,  boils 
between  140°  and  160°. 

CHj :  CBr.CH2Br  -f  KO.C2H30  =  KBr  +  CHjrCBr.CHj.O.CaHaO. 

a-Brom-allylic  acetate,  boiling 
point  163^-164° 

from  which  alkalies  liberate  a-hromroUylic  alcohol^  CHj  :  CBr.CH2.OH, 
as  a  colourless,  mobile  liquid  of  agreeable  odour,  sp.  gr.  1*6  at  IS**  and 
boiling  at  155°. 

Phosphoric  chloride  converts  the  alcohol  into  a-hrom-allytic  chloride, 
or  chlor-bromglycid,  CH2  :  CBr.CHjCl,  which  boils  at  120°,  and  is  also 
formed  by  the  action  of  alkalies  on  glyceryl  dichloro-bromide : 

CHaCl.CHBr.CHaCl  (§  682). 

Glyceryl  dibromo-ethylate  (§  685),  prepared  from  allyl-ethyl  ether 
and  bromine,  is  similarly  converted  by  alkalies  into  a-hromaUyl-ethyl 
eth^r,  CH2  :  CBr.CH2-C.C2H5,  a  colourless  liquid  of  agreeable  odour, 
boiling  at  130^-135°,  of  sp.  gr.  1-26  at  12°. 

Dibrom-glycid  also  reacts  with  potassic  sulphocyanate,  forming 
a-brom-allyl  sulphocyanate  {com^.  §  671),CH2  :  CBr.CH2.N:CS,  which 
distils  at  about  200°,  and  with  ammonia  yields  a-hrom-aUyl  stUphurea, 
CH2  rCBr.CHa.NH.CS.NHg,  as  crystals  melting  at  110°-111°. 

Si/mmetrical  dichlor- acetone,  CH2CI.CO.CH2CI  (comp.  §  760),  can 
also  be  reckoned  amongst  the  fully  saturated  derivatives  of  isallylene. 
It  is  obtained  by  oxidation  of  dichlorhydrin  (§  679,  2)  with  chromic 
and  sulphuric  acids,  and  occurs  amongst  the  products  of  direct 
chlorination  of  acetone.  It  ciystallises  in  colourless  rjiombic  tables, 
molts  at  43°,  and  boils  at  172°-174°. 

Homologues  of  Isallylene, 

769.  Several  hydrocarbons  behave  quite  similarly  to  isallylene  as 
regards  their  inabiUty  to  precipitate  ammoniacal  silver  and  cuprous 
compounds,  and  can  therefore  be  regarded  ss  homol<^ous  to  it. 

Crotonylene,  G^H^  =  CH3.CH  :C  :  CH2,  occurs  in  coal  gas,  and 

G  O 
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can  be  separated  therefrom  in  the  liquid  form  by  pressure.  It  is 
obtained,  similarly  to  acetylene  and  allylene,  by  heating  brom-butylene 
(§  661)  with  alcoholic  potassic  hydrate  : 

OHj.CHa.CBr  ;  CH,  +  KOH  =  KBr  +  H,0  +  CH3.CH  :  C  :  CH„ 

and  by  {lassing  a  mixture  of  equal  volumes  of  acetylene  and  ethylene 
through  a  tube  heated  to  dull  redness  : 

CH2  :  CHa  +  CH  :  CH  =  CH3.CH  :  C  :  CHa- 

It  is  a  colourless  liquid  boiling  at  20°,  which  unites  with  bromine, 
forming  a  liquid  dibromide,  C4ll6Br2,  boiling  at  150°,  and  a  crystal- 
line tetrabromide,  OHj.CHBr.CBra.CHaBr. 

Isovalerylendy  CftHg  =  (CH3)2C  :  C  :  CH2,  is  formed  from  brom- 
isoamylene  (§  701)  by  alkalies.  It  is  a  liquid  of  garlic  odour  which 
boils  between  42°  and  45°.  It  yields  only  liquid  compounds  with 
bromiuo ;  namely,  a  dibromide,  C5H9Br2,  boiling  at  170°,  and  a  tetra- 
bromide,  CftHaBr4  or  (0113)2  •  CBr.CBr2.CH2Br,  which  cannot  })e 
distilled  unchanged.  Some  higher  hydrocarbons  of  the  series 
CnHjn_2  have  been  prepared  in  similar  manner  from  the  mono- 
halogen  olefines,  but  require  moi'e  investigation ;  e.g.  hexoyleney  0^11 10, 
distilling  between  76°  and  8a°. 


Derivatives  of  the  Tetriiydric  Alcohol  Radicals. 
Krythrite,  C^HeCOH)^  =  OH2(OH).CH(OH).CH(OH).CH2(OH). 

770.  This  tetriiydric  alcohol,  also  termed  erythro-glucin  or  phycite, 
occurs  in  Protococcus  vulgaris,  and  is  formed  by  decomposition  of 
erythrin  (contained  in  several  lichens,  ag.  BoceUa  MontcLgnei)  by 
boiling  with  lime  or  baryta  water.  The  lichens  are  best  boiled  witi 
milk  of  lime ;  the  excess  of  lime  in  solution  is  then  removed  by  passing 
oe.rbonio  anhydride,  the  filtrate  evaporated  to  a  thin  syrup  and  treated 
witli  alcohol.  After  some  time  eiythiito  crystallises  out,  and  can  be 
purified  by  recrystallisatiou  from  boiling  alcohol.  Orcin  and  orsellenic 
acid  are  foimd  in  the  alcoholic  mother  liquors. 

Erythrito  forms  lai^  colourless  prismatic  crystals,  which  di^^solve 
n^dily  in  water,  difiicultly  in  cold  alcohol,  and  are  insoluble  in  ether. 
It  tastes  sweet,  melts  at  1 20°,  and  volatilises  with  partial  decompo- 
sition at  alH>ut  300°.  Potassic  hydrate  at  250°  decomposes  it  into 
oxalic  and  acetic  acids : 

04H6(OH)4  +  3K0H  =  KJC2O4  -f  KC2H3O  +  H2O  +  4H,. 

By  heating  with  acids  salts  are  obtained.  The  nitrate  termed 
Httnhtrythriit^  CJil^iO^^O^^j  is  formd  by  solution  of  eiythrite  in 
concentrated  nitric  acid,  and  precipitates  on  addition  of  concentrated 
sulnhurio  acid  in  colourless  crystalline  leaves.  It  melts  at  61^  and 
exploiles  violently  when  struck. 

Hydriodic  acid  converts  or}*thrite  into  noi*mal  secondaiy  butylic 
iodide  (§  193) ;  by  long  heating  with  hydrochloric  or  hydrobromic 
adds  it  exchanges  two  OH  groups  for  halogen,  yielding  dihydrate 
dihaloids  of  its  radical,  which  are  converted  into  dihaloid  dinitrate^ 
by  u  mixture  of  sulphuric  and  nitric  acids. 
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Erythrite  (Jichlorhi/driny  C4H6Cl2(OH)2,  forms  colourless  crystals 
readily  soluble  in  water,  alcohol,  or  ether,  and  melts  at  145®. 

Nitro-erythrUe  dichlorhydriny  C4Hg.Cl2(O.N02)2»  crystallises  in 
needles,  melts  at  60°,  and  is  not  explosive. 

Erythrite  dibronihydrin,  C4H6Br2(OH)2,  melts  at  130°  and  yields 
a  nitrate,  C4H6Br2(O.N02)2,  crystallising  in  brilliant  needles  and 
melting  at  70°. 

771.  By  heating  erythrite  with  formic  acid  a  monoformate  is  first 
formed,  which  (similarly  to  the  decomposition  of  the  monoformin  of 
glycerine  into  allylic  alcohol)  decomposes  between  220°  and  240° 
into  carbonic  anhydride,  water,  and  erythro-glycol : 

C4H6(OH)3(O.CHO)  =  CO2  +  H2O  +  C4He(OH)2. 

Eiythro-glycoL 

Erythro-glycol  contains  two  hydrogen  atoms  less  than  butylene 
glycol,  and  probably  has  one  of  the  formulae  : 

CH2  :  CH.CH(0H).CH2.0H  or  CH2.(0H).CH  :  CH.CH2(0H). 

It  is  a  thick  liquid,  soluble  in  water,  boiling  at  199°-200°,  and  unites 
directly  with  two  atoms  of  bromine.  In  its  preparation  there  is  also 
formed — without  doubt  from  an  erythrite  diformate — a  hydrocarbon 
isomeric  with  crotonylene,  and  which  probably  may  be  the  isolated 
radical  of  erythrite : 

CH2.O.CHO  CHo 

I  II 

CH.OH  CH 


A 


=  2C02  +  2H20+    I 
H.OH  CH 

I  II 

CH2.O.CHO  CH2 


It  unites  with  bromine  to  fomi  a  tetrabromide,  giving  brilliant 
leafy  crystals,  melting  at  115°-116°  : 

CHaBr.CHBr.CHBr.CHaBr  (1). 

Biallyl,  CgHio  =  CHg  :  CH.CH2.CH2.CH  cCHa. 

772.  Diallyl  is  formed  by  treatment  of  allyl  haloids  with  metals. 
Allylic  iodide  or  bromide  is  generally  used,  and  is  heated  with  sodium 
after  addition  of  a  drop  of  ethylic  alcohol : 

2C3H5I  -f  Naa  =  2NaI  +  CeHio- 

Finely  divided  silver  acts  in  the  same  way  at  100°.  Another  method 
consists  in  heating  mercury  allyl  iodide  (§  664)  with  a  solution  of 
jx)tas8ic  cyanide  : 

2i.Hg.C3H.,  +  2KCN  =  2KI  +  Hg(CN)2  +  Hg  +  CeH^o. 

Diallyl  is  a  colourless,  mobile  liquid  of  sp.  gr.  '864,  which  boils  at 
59°  and  has  a  vapour  density  ^  2*83.  It  unites  with  bromine  to  form 
a  crystalline  tetrabromide,  melting  at  63°,  and  with  hydriodic  add 
to  form  the  compounds  CgHnI  and  CgHijIs,  already  mentioned 
(§§  702  and  491,  2). 

oa2 
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Derivatives  op  the  Radicals  op  Disubstituted  Fatty  Ac?ids. 

773.  Wbikt  the  replacement  of  one  hydrogen  atom  in  the  radical 
of  a  fatty  add  yields  compounds  of  the  glycolQc  add  group  only,  the 
replacement  of  two  hydrogen  atoms  can  lesd  to  several  cat^ories  of 
bodies. 

1.  If  the  substitution  occur  on  a  single  carbon  atom  it  may 
occur — 

a.  On  a  terminal  carbon  atom.  The  simplest  oxides  must  be  at 
once  aldehydes  and  acids. 

b.  On  an  intermediate  carbon  atom.  There  then,  result  derivatives 
of  the  ketonic  add  radicals. 

2.  The  substitution  may  occur  on  two  different  carbon  atoms. 
There  are  then  formed  the  derivatives  of  the  double  alcohol  acid 
radicals. 

If  the  removal  of  the  hydrogen  atoms  is  from  neighbouring  carbon 
atoms,  double  union  may  ensue.  The  adds  of  this  kind  form  the 
acryl  crotonic  add  series. 

DerifKUives  of  Aldehyde  Acid  Rculicala. 

At  present  compounds  of  the  nucleus  =CH.C=,  ethinyl,  and 
some  aldehyde  adds  richer  in  carbon  are  known. 

CHzz: 
Compounds  of  Ethinyl,  J 

774.  Halogen  Compouwh. — These  have  been  to  some  extent 
already  mentioned  in  speaking  of  ethylene  and  acetylene. 

In  the  first  place  there  belongs  to  this  group  the  substitution  pro- 
ducts of  acetylene^  including  the  metallic  derivatives  already  men- 
tioned (§  752). 

Ethinyl  bromide,  CjHBr  =  CH  J  CBr,  or  brom-acetylene,  is 
obtained,  together  with  acetylene,  by  the  decomposition  of  brom- 
ethylene  dibromide  (§  650)  by  boiling  alcoholic  potassic  hydrate : 

CHjBr.CHBr,  +  2K0H  =  2KBr  +  2HjO  +  CHjCBr. 

It  has  not  yet  been  prepared  in  the  pure  state,  and  is  therefore  little 
known ;  it  is  diaracterised  by  its  spontaneous  inflammability  in  air. 

Ethinyl  trichloride,  trichlor  ethylene,  CHCliCClj,  is  prepared 
from  acetylene  tetradiloride  by  action  of  alcoholic  potassic  hydrates 
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and  Ls  an  oil  boiling  at  88°.  The  corresponding  ethinyl  tribromide, 
GUBr  :C£r2,  is  also  liquid,  boils  ^t  130°,  and  after  some  time  changes 
into  a  fX)l3rmeric  non-volatile  substance. 

EtJihiyl  pentahaloid^  are  prepared  from  the  foregoing  by  addition 
of  chlorine  and  bromine,  further  from  the  tetrahaloids  of  glyoolyl 
(§  708)  and  acetylene  (§  762)  by  direct  substitution  : 

CH,Cl.CCl3  +  Ola  =  HCl  +  CHCla.CCl, 
and  CHCI2.CH.CI2  +  CI2  =  HCl  +  CHCI2.CCI3. 

Ethinyl  pentachloride,  tiichlor  ethylene  dichloride,  is  a  colourless 
oil  of  sp.  gr.  1*6,  which  boils  at  158°.  Ethinyl  pentahromide  crystal- 
lises in  long  prisms,  which  melt  between  48°  and  50°. 

Ethinyl  tetrcLchloride  ethylate  is  the  tetrachlor  ether  obtained  by 
direct  chlorination  of  ether.  It  is  liquid  and  boils  at  189°-190°  witi 
partial  decomposition. 

776.  Chloral,  O2HCI3O  =  CCI3.CHO.  This  trichlor  acetic  alde- 
hyde is  formed  by  the  action  of  chlorine  on  aldehyde,  alcohol,  sugars, 
and  some  other  compounds.  It  is  obtained  mast  readily  by  passing 
dry  chlorine  into  absolute  alcohol  to  complete  saturation.  Consider- 
able quantities  of  ethylic  chloride  and  its  chlor-substitution  products 
volatilise  with  the  hydrochloric  add  formed  according  to  the 
equation  : 

CH3.CHj.OH  -f  4CI2  =  5HC1  +  CCI3.CHO. 

Finally  a  crystalline  mass  remains,  consisting  principally  of  a  com- 
pound of  chloral  with  alcohol,  CCl3.CH(OC2H5)(OH),  and  some 
chloral  hydrate,  CCl3.CH(OH)2,  which  on  distillation  with  concen- 
trated sulphuric  acid  yields  pure  chloral. 

Chloral  is  a  mobile,  colourless  liquid  of  penetiating  odour  and  sp. 
gr.  1*502,  which  boils  at  94*5°.  On  keeping  it  is  transformed  into  a 
white,  porcelain-like  mass  of  the  polymeric  parachloral,  probably  tri- 
chloral,  which  distils  at  180°,  being  then  reconverted  into  ordinary 
chloral. 

Chloral  is  a  true  aldehyde,  and  is  therefore  converted  by  oxidation 
— best  with  concentrated  nitric  acid — into  trichlor  acetic  acid,  unites 
with  alkaline  hydric  sulphites  to  form  crystalline  compounds,  yields, 
on  heating  with  acetic  anhydride  to  150°,  trichlor  ethylidene  diacetcUe, 
CCl3.CH{OCoH30)2,  a  clear  oU  boiUng  at  222° ;  it  unites  durecUy 
with  acetylic  chloride,  forming  trichhr  ethylidene  aceto-chhride, 
CCla.CHC^O.CjIIaO),  which  boils  at  185°.  With  ammonia  and  the 
alkylamides  it  yields  hydratamidea  of  trichlor  ethylidene,  e.g. 

CC1,.CH;S|^    and    CCl,CH;gH  ^„^)jj 

as  solid,  fusible  masses.  Phosphoric  chloride  converts  it  into  ethinyl 
pentachloride,  and  nascent  hydrogen  in  acid  solution  (line  and  hydix)- 
chloric  acid)  reconverts  it  into  acetic  aldehyde. 

Chloral  is  distinguished  from  acetic  aldehyde,  on  the  one  hand,  by 
the  greater  energy  of  its  union  with  water,  and  from  alcohol  (comp.  § 
384),  on  the  other,  by  the  more  ready  disruption  of  its  carbon  nucleus. 

Chloral  unites  with  water  with  considerable  evolution  of  heat 
forming 
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776.  Chloral  hydrate^  CCl3.CH(OH)2,  crystalliaiiig  in  rhombo- 
hedral  forms  of  the  monoclinic  system.  It  melts  at  46°  and  boils 
at  96°-98°.  It  dissolves  in  water  to  a  liquid  of  neutral  reaction  and 
is  used  medicinally  to  produce  sleep. 

Chloral  also  unites  with  sulphuretted  hydrogen,  forming  chloral 
8uiph-hydrate  or  trichlor  ethylidene  hydrate  thio-hydrate  : 

crystallising  in  colourless  prisms  or  leaves,  melting  at  77°.  It  boils 
at  123°,  and  is  slowly  decomposed  by  water  into  chloral  hydrate  and 
hydric  sulphide. 

Chlored  hydrate,  when  treated  with  a  concentrated  aqueous  solu- 
tion of  hydric  sulphide,  yields  a  crystalline  mass  of  chloral  hydro- 
attlphide,  [CCl3.CH(OH)]2S.  This  dissolves  in  alcohol,  ether,  benzene, 
&c.,  and  crystallises  in  rhombohedric  forms,  melting  at  127°-128° 
with  decomposition. 

Strong  alcohol  also  unites  with  chloral  with  evolution  of  heat, 
forming  *  chloral  alcohoUUe*  trichlor  ethylidene    hydrate  ethylate, 

OH 
CCI2  •  ^^  o  O  FT  '  obtained  on  evaporation  of  the  solution  in  colour- 
less crystals,  melting  at  56°.     The  boiling  point  is  1U°-115°.     This 
latter  reacts  with  aoetylic  chloride,  forming  cJiloral  alcoholcUe  acetate^ 

CCl,.CH-^-^2^»^,  boiUngat  198°. 

Phosphoric  chloride  converts  chloral  aJcoholate  into  tetrachlor 
ether: 

CCl,.CH(0H)(0.C2Hg)  +  PCI5  =  POCI3  +  HCl 
+  CCl3.CHCl(O.C2H5). 

Trichlor  acetal,  or  trichlor  ethylidene  diethylate  : 

CCl3.CH(O.C2H5)2, 

is  prepared  by  the  incomplete  decomposition  of  ethylic  alcohol  by 
chlorine,  by  direct  chlorination  of  ordinary  acetal  (§  405),  and  by 
heating  tetrachlor  ether  with  alcohol  : 

CCl,.CHCl.(0.CaH6)  -f  HO.C2H5  =  CCl3.0H(O.C2H5)2  +  HCl. 

It  is  a  colourless  oil,  boiling  at  204°~205°. 

777.  Alkaline  reagents  decompose  chloral  and  its  derivatives  into 
chloroform  and  derivatives  of  the  formic  acid  ludiceJ.  This  decom- 
position is  most  readily  effected  by  aqueous  alkalies  : 

CCl3.CH(OH)2  +  HOK  =  CCI3H  -h  CHO.OK  4-  H2O, 

but  is  also  effected  by  heating  with  ammonia  or  amines.  Chloi-al 
ethylamine,  e.g.,  thus  decomposes  into  chloroform  and  ethyl  foimyl- 
amine: 

CCl,.CH;g^^g^jg  =  CCI3H  +  CHO.N(C2H5)H. 

778.  Bromalf  CBr3.CH  :  O,  or  trxbrom-aldehyde,  is  formed,  similarly 
to  chloral,  when  absolute  alcohol  is  saturated  with  bromine,  and  is  a 
colourless  liquid;  boiling  at  172°-173°.     It  yields  crystalline  hrcinal 
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hydrate^  CBr3.CH(OH)2,  with  water,  melting  at  53*5** ;  with  alcohol, 
bromal  alcoholate,  CBr3.CH(OH)(O.C2H5),  melting  at  44°.  Both 
compounds  are  resolved  into  their  components  at  110°.  The  chemical 
properties  correspond  entirely  with  those  of  chloral :  yields  bromo- 
form  and  a  formate  with  alkalies,  kc. 

779.  Dichlor-acetic  acid,  C2H2CI2O2  =  CHCI2.CO.OH,  is  foimed 
by  further  chlorination  from  monochlor  acetic  acid,  especially  when  a 
little  iodine  is  added  and  the  liquid  heated  to  boiling.  It  is  also  pre- 
pared by  the  action  of  equal  molecules  of  chloral  hydrate  and  potassic 
cyanide : 

COl3.CH(OH)2  +  KCN  =  KCl  -f  CHCI2.CO.OH  +  HON. 

It  Ls  geneiully  obtained  as  a  liquid  of  extremely  caustic  nature, 
boils  at  195°,  and  has  sp.  gr.  1*52  at  15°.  In  a  state  of  absolute 
chemical  purity  it  crystallises  in  rhombohedra.  Its  salts  are  mostly 
crystalline. 

The  ethylic  salty  d^OX^^.QO.O.Q^^^y  is  obtained  by  saturation  of 
its  alcoholic  solution  with  hydrochloric  acid,  as  also  by  the  action  of 
sodic  ethylate  on  tetrachlor  ethylene  : 

CCI2  iCClj  +  2NaO.CaH5  =  2NaCl  +  C2H4  +CHCl2.GO.O.Cj,H5, 

and  by  action  of  chloral  hydrate  on  an  alcoholic  solution  of  potassic 
cyanide.     It  is  a  colourless  oil,  boiling  at  lj53°-156°. 

Die/dor  acetamidey  CHCI2.CO.NH2,  prepared  from  ethylic  dichlor 
acetate  and  ammonia,  crystallises  in  difficultly  soluble  prisms,  melting 
at  94-5°.     It  boils  without  decomposition  at  233°-234°. 

Dibrcyin-acetic  acid,  C2H2Br202  =  CHBrj.CO.OH,  is  readily  ob- 
tained by  saturating  boiling  mouobrom-acetic  acid  with  bromine  vapour 
with  exposure  to  sunlight,  and  by  heating  acetic  acid  with  two  mole- 
cules of  bromine  in  sealed  tubes  to  130°.  It  is  crystalline,  melts 
between  45°  and  50°,  and  boils  somewhat  above  230°.     Sp.  gr.  2*25. 

On  heating  brom-acetylic  bromide  with  a  molecule  of  bromine  to 
150°,  dibrom-acetylic  bromide,  CHBr2.C0Br,  is  formed,  boiling  at  194°, 
and  when  treated  with  alcohol  yielding  ethylic  dibrom-acetate, 
CHBr^.CO.O.CaHs,  boiling  at  194°. 

Biiod-acetic  add,  CHIj.CO.OH,  is  prepared  from  dibrom-acetic 
acid  in  like  manner  to  moniod-acetic  acid  from  monobrom-acetic 
acid  (§  711).  Ethylic  diiod-acetate,  first  formed,  is  a  yellowish  oil,, 
which  is  saponified  by  milk  of  lime  and  a  concentrated  solution  of  the 
resulting  calcic  salt,  decomposed  by  hydrochloric  acid.  Diiod-acetic 
acid  ci*ystallises  in  sulphur-yellow  rhombohedra,  which  are  difficultly 
soluble  in  water,  and  decompose  on  heating  with  evolution  of  iodine. 
Its  salts  are  ci*ystalline,  the  lead  and  silver  salts  difficultly  soluble. 
Tlie  latter  explodes  on  heating. 

780.  lirom-glycollic  acid,  CHBr(0H).C0.01I,  is  formed  by  heair 
ing  argentic  dibrom-acet^ite  with  water  ; 

CHBr2.CO.OAg  +  IIOH  =  AgBr  -f  (JHBr(OH).CO.OH, 

and  by  similar  treatment  of  its  silver  salts  yields  glyoxalic  acid. 

781.  Olyoxylic  acid,  glyoxalic  acid,  C2H2O3  ^=  CHO.CO.OH  or 
C2H4O4  =  CH(0H)2.C0.0H,  a  true  aldehyde  acid,  is  formed,  in 
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addition  to  the  above-mentioned  method,  from  the  dihalogen  snbeti- 
tuted  ethjlic  acetates  by  heating  with  water  to  120°  : 

CHCI2  CH(OH), 

I  +  3H,0  =  2HC1  +  HO.C2H5  +  I 

CO.O.CjHft  CO.OH 

and,  together  with  glycollic  acid,  glyoxal,  and  oxalic  acids,  by  the  oxi- 
dation of  ethylic  alcohol  or  ethylene  glycol  by  nitric  acid.  As 
formerly  mentioned  (§  712),  it  can  be  obtained  pure  by  repeated 
cryBtaUisation  of  its  diificultly  soluble  calcic  salt.  By  addition  of  the 
requisite  quantity  of  oxalic  acid  the  fi'ee  acid  is  obtained  in  solution, 
and  is  left  on  evaporation  of  the  filtrate  as  a  faint  yellow,  readily 
soluble  syrup.     It  volatilises  unchanged  in  water  vapour. 

Its  salts  are  crystalline,  and  when  diied  at  100°  possess  the  for- 
mula CH(0H)2.C0.0M.  The  calcic  salt,  [CH{0H2).C0.0]oCa,  is 
very  difficultly  soluble  in  cold  water,  and  loses  no  water  at  100°. 
The  ammonic  salt,  on  the  other  hand,  appears  to  have  the  formula 
CHO.CO.ONH4. 

The  aldehyde  properties  of  the  acid  are  shown  in  many  ways.  Its 
alkali  salts  unite  with  alkaline  hydric  sulphites  to  form  crystalline 
compounds  : 

CH(OH).O.SO,.Na 


k 


k 


JO.ONa 

Argentic  oxide  is  reduced  both  by  the  free  acid  and  its  salts,  oxalic 
acid  being  formed  : 

CH :  0  CO.OH 

+  AgaO  =1  +  Aga 

JO.OH  CO.OH 

Nascent  hydrogen  converts  it  into  glycollic  acid,  a  body  which  stands 
to  it  in  the  relation  of  a  primary  alcohol : 

CH:0  CHj.OH 

I  -H2H=| 

CO.OH  CO.OH 

Both  actions  are  combined  when  glyoxylates  are  heated  with  strong 
bases.  If  lime  water  be  added  to  a  solution  of  calcic  glyoxylate  a 
white  precipitate  is  first  produced,  which — freshly  produced — is  readily 
soluble  in  acetic  acid  and  is  a  basic  calcic  glyoxylate.  After  some 
time,  or  more  quickly  on  boiling,  it  decomposes  into  soluble  glycollate 
and  insoluble  oxalate  (equation  §  712). 

Dieth'Oxyglyoxylic  acid,  CH(O.C2H5)2.CO.OH,  is  obtained  as  a 
sodic  salt  by  the  decomposition  of  ethylic  dichlor-acetate  with  three 
molecules  of  sodic  ethylate  : 

CHCla.C0.0CaH5  +  SNaO.CjH^  =  2NaCl  +  CH(OC2H5)2CO.ONa 

+  (OaH5)jO. 

On  heating  with  ethylic  iodide  it  yields  ethylic  diethyl  glyoxylatCf 
CH(0.02H5)2.CO.O.CaH6,  a  colourless  oil,  boiling  at  199°,  of  sp.  gr. 
•994  at  18°,  and  which  reacts  readily  with  ammonia,  forming  diethyl 
glyaxyl-amide,  CH(O.CaHft)2.CO.NH2.  This  latter  crystallises  in  na- 
creous rhombic  tables,  melting  at  76*5°  and  sublimiug  slowly  at  100°. 
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782.  Some  membei*s  richer  in  carbon  are  known  of  the  aldehyde 
acids.  Sttcciyialdehi/dic  acid,  CHO.CH2.CH2.CO.OH,  is  formed  by 
incomplete  oxidation  of  succinic  aldehyde  (§  756),  and  is  still  little 
known. 

The  acids  of  the  series  Cn.Hjn-a-CO.OH  (see  derivatives  of  the 
radicals  CnHan-s)?  oi\  oxidation  with  nitric  acid,  yield,  with  halving 
of  their  nuclei,  first  aldehyde  acids,  which  further  oxidise  to  dibasic 
acids  of  the  series  CnH2n(CO.OH)2.     There  have  been  so  obtained 

Suhero-aldehydic  acidy  O8H14O3  =  C6H,2<^pQ  qtt  ,  from  palmi- 

tolic  acid. 

Azelo-aldehi/dlc  add,  CyHjgOs,  from  stearolic  acid. 

Braaaylo-aldehydic  add,  C11H20O3,  from  behenolic  acid. 

All  three  are  oils  which  can  be  distilled  unchanged  with  water 
vapour.  Subero-aldehydic  acid  can  be  distilled  alone  without  con- 
siderable decomposition ;  its  boiling  point  is  about  202°. 

Derivatives  of  the  Ketonic  Add  Radicals, 

783.  The  substances  belonging  to  this  group  are  almost  entirely 
derived  from  the  ethereal  salts  of  those  ketonic  acids  which  contain  the 
CO  group  combined  by  means  of  one  carbon  atom  with  the  carboxyl 
gioup  CO.OH. 

These  ethereal  salts  are  constituted  on  the  general  formula : 

CH3.CO.CXY.CO.OC2H5, 

in  which  X  and  Y  may  be  either  hydrogen  atoms  or  alcohol  radicals, 
^uHgn  +  i,  <fec. 

784.  Among  the  triciirbonide  compounds  of  this  gi*oup  may  be 
classed  u-dibrom-propioni^i  add,  CH3.0Br2. CO.OH.  This  body  results 
from  brom-propionic  acid  by  heating  with  two  molecules  of  bromine 
in  a  sealed  tul>e.  It  forms  a  colourlass  ciystalline  mass  melting 
at  62°  and  boiling  at  220°-221°,  with  slight  decomposition.  Zinc 
and  sulphuric  acid  reduce  it  to  propionic  acid.  The  barium  salt, 
(CH3.CBr2.CO.O)2Ba  -f  90 H2,  ciystallises  in  silky  needles,  which 
lose  all  their  water  at  90°,  and  also  gradually  on  exposure  to  air.  The 
eihylic  salt,  CH3.CBr2.CO.O.C2H5,  boils  at  190°  (comp.  the  isomeric 
/3-dibrom-propionic  acid,  §  793). 

785.  As  alreiidy  mentioned  (§  559,  4),  metallic  sodium  acts  upon 
ethylic  acetate  with  formation  of  sodium  ethylate  and  ethylic  sod- 
aceto-acetate,  probably  as  shown  by  the  equation  : 

3CH3.CO.O.C2H5  -f  2Na2  =  SNaOCjHs 
+  CH3.CO.CHNa.CO.O.C2H5, 

this  latter  body  serving  as  the  starting  point  for  all  the  members  of 
the  group,  since  by  treatment  with  an  acid  ethylic  aceto-acetate, 
CH3.CO.CH2.CO.O.C2H,,  is  obtained. 

This  body  can  exchange  one  of  the  hydrogen  atoms  of  the  methene 
group  (CII2),  combined  to  the  two  CO  groui>s,  for  sodium,  when 
brought  in  contact  with  the  metal  or  with  dry  sodic  ethylate  : 

2CH3.CO.CH2.CO.O.C2H5  +  Naj  =  2CH3.CO.CHNa.CO.O.C2H6 

+  H2. 


I 
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This  sodium  compound  reacts  readily  with  the  haloid  compounds  of 
organic  radicals,  the  sodium  being  replaced  by  the  alcohol  radical,  &c. 
In  the  case  of  the  haloid  compounds  of  the  ordinary  alcohol  radicals 
the  homologues  of  ethylic  aceto-acetate  are  pix>duced  : 

CH3.CO.CHNa  CH3.C0.CH(CnH  ja  + , ) 

+  IC„H2„+,=NaT-h  I 

lO.O.CaHs  CO.O.C^Hft 

In  these  mono-substituted  bodies  the  remaining  H  atom  at  this  same 
carbon  may  also  be  replaced  by  sodium,  forming  ethylic  sod-cUkyl  aceto- 
acetates,  which  again  react  with  the  alcoholic  haloid  compoimds,  giving 
dialkyl  aceto-acetic  ethers : 

CH3.CO.CNa  +  ICnHjn'+ 1  =  Nal  +  CH3.C0.C.C„.H2„.+  , 

CO.O.C2H5  CO.O.C2H5 

On  saponification  with  alkalies  the  ethylic  aceto-acetates,  whether 
simple  or  compound,  split  up  in  two  ways,  either  into  a  carbonate  and 
a  ketone : 

CH3.CO.CXY 

I  +  2NaOH  =  NaaCOa  +  HO.CjHg 

CO.O.O2H5 

+  CH3.CO.CHXY, 

or  into  acetic  acid  and  a  substituted  acetic  acid ; 

CH3.CO.CXY 

I  +  2NaOH  =  CH3.CO.OK  +  GHXY.CO.OK 

CO.O.C2H5 

+  HO.C2H5, 

depending  on  the  concentration  of  the  alkali  used.  By  using  dilute 
solutions  the  first-mentioned  products  predominate ;  with  increased 
strength  of  the  alkaline  solution,  the  latter,  the  quantitative  rela- 
tions of  the  two  depending,  however,  to  some  extent  on  the  nature 
of  the  substituting  radical  in  the  ethereal  salt. 

By  heating  ethereal  salts  of  ketonic  acids  with  dry  sodium  ethy- 
late,  large  quantities  of  ethereal  salts  of  the  form  CHXY.C0.0.C2Hr, 
are  produced,  probably  also  with  polymers  of  the  group  CHj.CO. 
The  reaction  appears  to  be  : 

4CH3.CO.CXY 

I  +  NaOCaHft  =  C8H7Na04  +  H.O.C2H5 

CO.O.C2H5 

CHXY 

+  I 

CO.O.C2H5 

The  ketonic  acid  molecules  are  therefore  somewhat  unstable,  like  all 
organic  bodies  containing  many  oxygen  atoms  in  neighbouring  com- 
bination, the  nucleus  easily  splitting  up,  and  in  consequence  they 
constitute  very  important  intermediate  bodies,  or  stages,  for  the 
synthesis  of  ketones  and  organic  acids  and  their  derivatives. 
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786.  Ethylic  aceto-acetate,  CH3.CO.CH2.CO.O.C2H5.  The  best 
method  of  prepaiing  this  body  is  by  acting  on  1,000  grms.  of  pure  and 
perfectly  dry  ethylic  acetate  with  100  grms.  of  sodium  cut  in  small 
pieces  of  about  \  inch  cube.  The  acetic  ether  should  be  contained  in 
a  very  capacious  flask  connected .  with  an  inverted  condenser.  The 
sodium  is  introduced  all  at  once,  the  first  violent  action  slightly 
moderated  by  immersing  the  flask  in  cold  water.  Afterwards  it  must 
be  heated  gently  on  a  water  bath,  being  constantly  shaken  the  whUe, 
until  all  the  sodium  has  disappeared.  It  is  advantageous  to  add 
about  200  cc.  of  dry  benzene  to  the  ether,  to  moderate  the  first  action. 
After  all  the  sodium  has  dissolved  550  grms.  of  50  %  acetic  acid  is 
added  to  the  still  warm  product,  which  is  then  allowed  to  cool,  when 
about  \  litre  of  water  is  added,  and  the  whole  distilled  in  a  water  bath 
to  get  rid  of  the  excess  of  ethylic  acetate.  The  residue  is  now  treated 
with  sufficient  water  to  dissolve  the  sodic  acetate,  and  the  oily  layer 
which  rises  to  the  surface  separated  and  distilled.  After  one  or  two 
fractional  distillations  a  fraction  between  175°  and  185°  will  be  ob- 
tained, and  may  be  used  for  most  purposes.  The  pure  body  boils 
between  181°  and  183°,  a  small  quantity  decomposing  at  each  dis- 
tillation. A  portion  boiling  alcove  200°  solidifies  on  cooling  to  a 
crystalline  mass  of  dehydracetic  aJcid,  OgH804. 

The  same  body  is  formed  on  heating  ethylic  aceto-aoetate  in  a 
sealed  tube  at  200°-230°  along  with  ethylic  acetate : 

4CH3.CO.CH2.CO.OC2H5  =  CgHgO^  +  4CH3.CO.O.C2H5. 

It  is  a  difficultly  soluble  acid,  forming  needles,  melting  at  108°. 

Ethylic  aceto-acetate  is  a  liquid  of  a  pleasant  fruity  odour,  of  sp. 
gr.  1-03  at  5°,  boiling  at  180*8^  (coit.)  It  reddens  litum^in  presence 
of  water,  and  gives  a  beautiful  dark  violet  coloration  with  ferric 
chloride,  [t  distils  unchanged  in  a  cunent  of  steam.  Strong  acids, 
also  water  at  150°,  split  it  up  into  acetone,  alcohol,  and  carbonic 
acid.  Alkalies  act  similarly;  when  concentrated,  however,  giving 
more  or  less  acetic  acid. 

Nascent  hydrogen  gives  /3-oxybutyric  acid  : 

CH3.CO.CH2.CO.O.C2H5  +  Naa  +  2H2O 
=  CH3.CH(OH).CH2.CO.ONa  +  HO.C2H5  +  NaOH. 

Dilute  permanganate  solution  oxidises  it  to  oxalic  and  acetic  acids. 

Bromine  forms  an  addition  product,  CgHioOyBra,  and  also  a 
substitution  product,  CgH^BraOaBrj.     Chlorine  gives 


CH,.CO.CCL.CO.O.C,H 


fi> 


boiling  at  205°-207°,  sp.  gr.  1-293  at  16°. 

Phosphoric  chloride  gives  two  isomeric  monochlor  crotonic  acids, 
C^H.ClOj. 

By  the  action  of  strong  bases  one  hydrogen  atom  in  ethylic  aceto^ 
acetate  may  be  replaced  by  a  metal,  thus  producing  metallic  deriva- 
tives of  the  form 

CH3.CO.CHM 


CO.O.CaHg 
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In  the  case  of  the  alkali  mettxls,  e.g.  sodium,  the  metal  may  be  allowed 
to  act  directly  on  the  ethylic  aceto-acetate  in  benzene  solution. 

On  distilling  away  the  liquid  in  vacuo  the  sodium  compound  is 
left  as  a  beautiful  white,  silky,  crystalline  mass. 

A  better  plan  is  to  precipitate  the  sodium  compound  by  the  ad- 
dition of  a  very  small  quantity  of  water.  It  may  then  be  rapidly 
filtered  and  dried  by  pressure. 

Other  Metallic  Derivatives, 

Ethylic  aluminum  a^ceto-ctcetate,  (C5H903)3.A1,  separates,  on  mix- 
ing ethylic  aceto-acetate  and  an  alkaline  solution  of  an  aluminum  salt, 
in  the  form  of  beautiful  shining  needles,  melting  at  76°,  soluble  in 
ether,  benzene,  and  OS2,  and  distilling  undecomposed  under  slightly 
diminished  pressure. 

The  copper  compound  (C6Hcj03)2.Cu,  easily  obtained  by  shaking 
ethylic  aceto-acetate  with  ammoniacal  copper  solution,  is  a  green 
crystalline  powder  insoluble  in  water,  but  dissolving  i-eadily  in  hot 
benzene,  alcohol,  carbon  disulphide,  ethylic  iodide*,  brom-bcnzol,  and 
other  oily  liquids,  from  which  it  ciystallises  on  cooling  in  brilliant  green 
needles. 

If  carefully  heated  to  178°  it  sublimes  unchanged,  melts  at  182®, 
and  decomposes  at  a  higher  temperature.  Mercury,  cobalt,  barium, 
magnesium,  tbc,  form  simOar  compoimds. 

Hthi/lic  nUroso-aceto-acetate,  CH3.CO.CH(NO).CO.O.C2H5,  is 
produced  when  oue  molecule  of  ethylic  aceto-acetate  in  dilute  alkaline 
solution  is  treiited  with  an  equivalent  of  potassic  nitrite  and  the 
mixture  acidified  with  dilute  sulphuric  acid. 

After  shaking  out  with  ether,  the  nitroso  compound  is  obtained  as 
a  yellow  oil,  which  solidi6es  after  some  time.  It  may  be  crystallised 
from  chlorofonn,  and  then  forms  laige  centimetre-thick,  colourless, 
shining  prisms,  melting  at  52°-54°.  It  is  totally  decomposed  on  dis- 
tillation. It  gives  an  orange -red  reaction  with  phenol  and  sulphuric 
acid. 

Chloroform  acts  violently  on  ethylic  sod-aceto-acetate  with  forma- 
tion of  oxyuvtic  acid. 

Carbonic  sulphide  also  acts  on  the  sodium  compound,  giving  a 
sulpho-acid,  thio-rufic  acid,  C,qHi4S304,  which  forms  with  sodium 
and  calcium  very  characteristic  bnlHant  red  crj^stalline  salts.  By 
the  simultaneous  action  of  carbonic  sulphide  and  plumbic  or  zincic 
oxide  on  ethylic  aceto-acetate 

Ethylic  thiocarb-aceto-acetate,  CH3.CO.C(CS).CO.O.CaH5,  is  pro- 
duced. It  is  a  straw-yellow  crystalline  body,  melting  between  156° 
and  160°. 

Sodium  auialgam  i-educes  it  to  a-metht/l  ft-oxybutyric  add,  a  yellow 
syrup  which  quickly  changes  into  an  ethereal  anhydiide,  and  by  heat- 
ing alone  or  with  hydriodic  acid  is  converted  into  a-meth}'l  crotonic 
acid. 

Ethylic  methyl  aceto-acetate  gives  with  phosphoric  chloride,  mono- 
chlor  methyl  crotonic  acid,  CH3.CCI  :  C.CH3.CO.OH,  which  splits 
up  under  the  influence  of  alkalies  into  monochlor  butylene  and  car- 
bonic acid. 

When  acted  upon  by  nitrous  acid,  ethylic  methyl  aceto-acetiite 
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gives  nitroso-methyl  acetone,  CH3.CO.CH(NO).CH3,  or  nitroso-pro- 
pionic  acid,  CH3.CH(N0).C0.0H,  according  to  the  strength  of  the 
acid  employed. 

The  former  body  crystallises  from  chloroform  in  white  prisms  of  a 
peculiar  sweet  odour,  melts  at  74:°,  boils  undecomposed  at  185°- 
186°.     It  gives  with  phenol  and  sulphuric  acid  a  bright  red  coloration. 

The  latter  body  results  when  methyl  aceto-acetic  ether  in  dilute 
alkaline  solution  is  ti-eated  with  nitrous  acid.  Ethylic  nitroso-propion- 
ate  is  thus  produced  in  brilliant  prismatic  needles,  melting  at  94°  and 
boiling  with  slight  decomposition  at  233°.  The  free  acid  is  ob- 
tained by  saponification.  It  gives  no  colour  reaction  with  phenol  and 
sulphuric  acid. 

787.  By  the  action  of  methylic  iodide  on  ethylic  sod-aceto-acetate 

Ethylic  methyl  aceto-n^ietate,  CH3.CO.CH(CH3).CO.O.C2H5,  is  pro- 
duced. It  is  a  liquid  very  similar  to  the  original  body,  boils  at  186°— 
187°,  and  has  a  sp.  gr.  of  1009  at  12°. 

It  decomposes  with  alkalies  into  carbonate,  ethylic  alcohol,  and 
methyl-ethyl  ketone  (§  449).  By  heating  with  sodium  ethylate  ethy- 
lic propionate  is  formed  in  quantity.  It  dissolves  one  atom  of  sodium 
and  forms  CH3.CO.C(CH3)Na.CO.O.C2H5,  which  gives,  on  treatment 
with  methyl  ioijide,  ethylic  dimethyl  aceto-acetate  : 

CIl3.CO.C(CH3)2.CO.O.C2H5, 

a  liquid  almost  insoluble  in  water,  boiling  at  190°,  and  of  sp.  gr.  '9913 
at  16°. 

Phosphoric  chloride  gives  monocMor  dimethyl  crotonic  acidy 
CH2.CCl.C(CH3)2.CO.OH,  forming  monoclinic  crystals  melting  at 
63°. 

Many  other  substituted  ethers  have  been  obtained  in  a  similar 
manner. 

Ethylic  ethyl  aceto-acetate,  CH3.CO.CH(C2H5).CO.O.C2H5,  boils 
at  195°,  sp.  gr.  '998  at  16°,  gives  methyl-propyl  ketone  on  saponifica- 
tion with  alkalies  ;  with  sodium  ethylate  it  yields  ethylic  butyrate. 

Ethylic  diethyl  aceto-acetate^  CH3.CO.C(C2H5)2.CO.O.C2ll5,  boils 
at  210°-212°. 

Nascent  hydrogen  reduces  it  to  diethyl  /3-oxybutyric  acid  : 

CH3.CH(OH).G(C2H5).CO.OH. 

Ethylic  allyl  aceto-acctatCy  prepjire<l  by  the  action  of  allylic  iodide 
(m  the  sodium  compound  of  the  ether,  is  a  liquid  boiling  at  205°-206°, 
pp.  gr.  -982  at  20°. 

Baric  hydrate  splits  it  up  into  metacetone,  mesitylenic  oxide,  and  an 
isomeric  allyl  acetone,  CH3.CO.CH2.C3H5,  a  colourless  liquid,  boiling 
at  130°  and  not  combining  with  hydric  sodic  sulphite.  It  gives,  on 
oxidation,  allyl  acetic  acid,  C3H5.CH2.CO.OH,  a  liquid  boiling  at  182^ 

Sodium  amalgam  reduces  ethylic  allyl  aceto-acetate  to  a-allyl 
fl-oxybutyric  acid  : 

CH3.CH(OH)CH.C3lT5 


CO.OH 

Ethi/li^  diaUyl  aceto-acetate,  CH3.CO.C(C3H5)2.CO.O.C2H5,  is  a 
liquid  boiling  at  239°-241°,of  sp.  gr.  -948  at  25°.  It  yields  diaUyl 
acetone  and  diaUyl  acetic  acid  on  saponification. 
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EthyUc  isopropyl  aceto-acetate,  CgHigOg,  is  a  colourlees  liquid 
having  the  odour  of  wet  straw;  it  boils  at  201°,  and  gives  isobutyl 
methyl  ketone,  CH3.CO.CH2.CH.(C  1X3)2,  on  saponification. 

EihyUc  isobutyl  aceto-acetate : 

CH3.CO.CH.(CH2.CH:[CH3]2) 

CO.O.C2H5 

is  an  oily  body,  boiling  at  217°-218°. 

Ethylic  diisohutyl  aceto-acetate^  C14H26O3,  boils  at  250°-253°. 

Ethylic  cetyl  aceto-acetate,  OH3.CO.CH(0,6H33)CO.O.C2H5,  a 
liquid  which  does  not  distil  undooomposed.  It  yields  cetyl  acetic  acid 
and  cetyl-methyl  ketone  on  saponification. 

The  corresponding  ethylic  hcptyl  and  octyl  aoeto-acetates  have 
also  been  prepaj^,  and  from  them  the  respective  substituted  acetic 
acids  and  ketones  (comp.  §§  596,  454a,  and  455c). 

788.  Aceto-propionic  acid,  CH3.CO.CH2.CH2.CO.OH,  is  obtained 
as  baric  salt  by  the  action  of  baric  hydi-ate  on  ethylic  aceto-succinate 
(§913J. 

78oa.  Dehydracetic  add,  CgHg04.  The  exact  constitution  of  this 
body  is  not  yet  known.  It  is  a  constant  product  of  the  decomposi- 
tion of  ethylic  aceto-acetate  by  heat,  being  formed  especially  when  the 
vapour  of  that  body  is  passed  through  a  red-hot  tube. 

It  forms  tabular  rhombic  (crystals,  melting  at  108*6°,  boils  at  269° 
with  carbonisation,  and  dissolves  in  1,000  pts.  OHg  at  6°.  It  may  be 
crystallised  from  concentrated  hydrochloric  or  nitric  acids,  and  resists 
the  action  of  strong  sulphuric  acid.  On  the  other  hand,  it  is  most 
easily  acted  upon  by  alkalies,  splitting  up  into  acetone,  acetic  and 
carbonic  acids.     It  yields  chlorine  and  bromine  substitution  bodies. 

Bodies  corresponding  to  ethylic  aceto-acetate  and  many  of  its  deri- 
vatives have  beon  obtained  from  niethylic,  propylic,  amylic,  &c., 
acetates  by  the  action  of  metallic  sodium. 

Derivatives  of  the  Double  Alcohol  Acid  Radicals, 

789.  In  the  fatty  acid  radicals  two  hydrogen  atoms  in  combina- 
tion with  different  carbon  atoms  can  be  eliminated,  and  replaced  either 
by  other  radicals  or  when  the  carbon  atoms  are  contiguous  by  double 
union  of  the  latter.  In  this  manner  two  series  of  acids  result --namely, 
the  double  alcoholic  acids  or  dioxy-acids  and  the  unsaturated  mono- 
basic acids  of  the  acryl  olefine  scries. 

Unsaturated  Monobasic  Acids  of  the  Formula 
CnHan.jO.OH  =  C„.H2„._  i.CO.OII. 

790.  The  acids  of  this  series  differ  from  the  fatty  acids  containing  the 
same  number  of  carbon  atoms  by  a  deficiency  of  two  hydrogen  atoms, 
whereby  two  neighbouring  carbon  atoms  of  the  group  CnHgn'- 1  are 
connected  by  double  linking.  In  consequence  of  this  they  combine 
the  pi-operties  of  monobasic  acids  with  those  of  hydrocarlwns  of  the 
olefine  series.  As  representing  the  first  they  form  salts,  <fec.,  fully 
analogous  in  their  properties  te  those  of  the  fatty  acids. 

On  the  other  hand  they  are  enabled,  owing  to  the  double  union  of 
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the  carbon,  to  combine  dii-ectly  with  the  halogens  or  other  elements, 
the  divalent  combination  being  resolved  into  monovalent.  The  double 
carbon  union  gives  lise,  further,  to  another  peculiarity — namely,  the 
splitting  up  by  action  of  fused  potassic  hydrate  into  two  £atty  acid 
molecules,  the  sum  of  the  carbon  atoms  in  which  is  equal  to  that 
of  the  original  acid  : 

CnHan-  3O.OH  -f  2K0H  =  CnHjn  -  lO.OK 
+  0(„_„,)H2(„_„.).  ,0.0K  4-  H,. 

Since  unsatui'ated  organic  compounds  are  most  easily  oxidised  in 
the  places  where  double  carbon  combination  or  bonds  exist,  and  the 
splitting  up  of  the  nucleus  l>eing.  a  consequence  of  oxidation,  the 
position  of  the  double  combination  can  in  many  cases  be  determined 
by  this  method ;  at  the  same  time  it  is  not  one  of  general  applicability. 

For  example,  the  two  normal  isomeric  crotonic  acids  : 

(a)  CH3.CH  iCIl.CO.OlI  and  (/3)  CH^  :  CH.CHj.CO.OH, 

both  give,  when  melted  with  OKH,  two  molecules  of  potassic 
acetate,  a  result  to  be  exi)ected  from  the  formula  of  the  a-acid, 
whereas  the  /3  should  yield  formic  and  propionic  acids.  The  cause 
of  this  appai'ently  striking  divergence  from  theory  is  accounted  for  by 
the  observed  fact  that  /3-crotonic  acid  is  converted  by  simply  heating 
to  180°  directly  into  the  a -acid  : 

CH2 :  CH.CH2.CO.OH  =  CH3.CH  :  CH.CO.OH, 

so  that  really  only  the  a-acid  is  subjected  to  the  action  of  the  melting 
alkali. 

791.  The  higher  members  of  the  series  are  termed  oleic  acids,  and 
occur  in  fatty  liquid  oils  as  glycerine  salts  along  with  salts  of  the 
fatty  acids,  from  which  they  may  be  separated  by  the  solubility 
of  their  lead  salts  in  ether,  as  already  stated  (§  563). 

The  lower  members  of  the  series  combine  with  hydrogen  to  form 
acids  of  the  form  CnHgn-iO.OH;  the  higher  mcmbei's,  however,  do 
not  |X)sses8  this  power. 

The  halogen  addition  products  are  decomposed  by  alcoholic 
potash  in  the  same  way  as  the  alkylene  dibromides;  that  is,  with 
every  bromine  atom  a  hydrogen  atom  is  split  off,  so  that  at  first 
simple  halogen  substitutes  of  the  original  acid  result,  and  finally 
halogen  free  acids  with  less  hydrogen  of  the  formula  Cnll  2n-3-CO.OH  : 

^nH2n-2Br.CO.OK  4-  KOH  =KBr  +  HjO  4-  CnH2n.3CO.OK. 

Several  of  the  higher  members  of  this  series  are  changed  by  contact 
with  nitrous  acid  into  isomers  (difficultly  fusible),  the  construction 
of  which  is  not  yet  fully  known. 

Acrtjlic  Acid,  C3H4O2  =  CHa  :  CH.CO.OH. 

792.  This  acid  is  obtained  by  the  oxidation  of  an  aqueous  solution 
of  acrolein  (§  763)  by  means  of  freshly  prepared  argentic  oxide.  The 
action  completes  itself  after  some  time  at  the  ordinary  temperature, 
when  the  whole  is  heated  to  boiling  and  the  dissolved  argentic  acrylate 
decomposed  by  sodic  hydrate,  the  sodic  salt  evapoi-atod  to  dryness 
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aod  deoompofled  by  dflnte  salphoric  acid  and  the  acrylic  acid  se- 
parated by  distillation. 

Glycerin  iodo-propionic  acid,  when  treated  with  alcoholic  potash, 
gives  along  with  a  salt  of  hydracrylic  also  that  of  acrylic  acid.  A 
better  method  consists  in  distilling  glycerine  iodo-propionic  acid  over 
finely  powdered  plambic  oxide  ;  the  hydracrylic  acid  is  then  dcoom- 
posed  into  water  and  acrylic  acid. 

In  the  dry  condition  acrylic  acid  is  only  obtained  by  decomposing 
a  silver  or  lead  salt  by  diy  SHj.  in  which  cuse  it  is  a  colourless, 
strongly  acid  liquid,  crystalliidng  in  the  ooM  and  miscible  in  all 
proportions  with  water.  It  melts  Ijetween  7'  and  8^  and  boils  at 
139^-140°.  It  combines  very  slowly  with  nascent  hydrogen,  but  b) 
long  contact  with  zinc  and  dilute  sulphuric  acid  in  the  warm  it  is 
completely  converted  to  propionic  acid  : 

CHj  :  CH.(X).OH  +  2H  =  CH3.CH2.CO.OH. 

Most  of  its  salts  are  easily  soluble  in  water.  Its  sodium  salt  can  be 
obtained  by  evaporation  as  a  white,  scarcely  crystalline  mass,  not 
dissolving  to  any  appreciable  extent  even  in  boiling  alcohol.  The 
lead  salt  forms  long  shiny  pi-isms  of  the  formula  (CsHjOs))?^ 
The  silver  salt,  C3H302Ag,  cr}^stallise8  in  fine  needles. 

The  potassic  salt,  when  fused  with  potash,  gives  potassic  acetate 
and  formate : 

CjHaO.OK  +  KOH  +  OH^  =  CjHjO.OK  +  CHKO^  +  Hj. 

Ethylic  aery  late  is  the  only  ethereal  salt  of  acrylic  acid  known,  being 
obtained  froia  /5-dibrom-propionic  ether  by  the  action  of  zinc  and 
sulphuric  acid : 

CHjBr.CHBr.CO.OCaHj  +  H,  =  2nBr  +  CH^  :  CH.CO.OCjHs. 

It  is  a  liquid  of  i)enetrating  odour,  boiling  at  101°-102°,  of  sp.  gr. 
at  0°  -925. 

793.  The  haloid  acids  combine  with  acrylic  acid  to  form  the 
so-called  /^-halogen  propionic  acids  (§  744),  by  means  of  which  it  can 
easily  1x5  reconverted  into  hydracrylic  acid.  The  halogens  combine 
similarly,  bromine  forming  /3-dibrom-propionic  acid,  isomeric  with 
a-dibrom-propionic  acid  (§  784). 

ft-Dibram-propianic  acid,  OH^Br.CHBr.CO.OH,  also  obtained  by 
the  oxidation  of  allyl  alcohol  dibromide  with  strong  nitric  acid;  it  is 
colourless  and  crystalline,  melts  at  64°-65°,  dissolves  easily  in  water, 
and  decomposes  on  distillation.  Its  ethylic  salt  is  a  fruity-smelling 
oil,  lx)iling  between  211°  and  214°. 

Boiling  alcoholic  potash  converts  it  into  the  potassium  salt  of 

fl-BrojnrOcrylic  acid,  CUBr  :  GH.CO.OH,  which  latter  cr}'stallises 
in  small  prisms,  fusing  l)etween  69°  and  70°,  and  combining  directly 
with  hydric  bromide  to  reform  /3-dibrom-propionic  acid.  The  potas- 
sium salt  forms  beautiful  tables. 

ft-Broinrocrylic  acid,  CH2 :  CBr.CO.OH,  obtained  with  difficulty 
from  «-dibrom-propionic  acid  by  treatment  by  alcoholic  potash,  also 
melts  at  69°-70°.     The  potaj^ic  salt  forms  rhombic  tables. 

It  combines  likewise  with  hydric  bromide  to  foim  /3-dibrom- 
propionic  acid,  so  that  by  this  means  propionic  can  be  reduced  to 
acrylic  acid. 
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Crotonic  Acids,  C4Hg02. 

794.  Three  isomeric  acids  of  this  formula  are  known. 

1.  a-Crotoiiic  acicly  CH3.CH  :  CH.CO.OH,  improperly  termed 
crotonic  add,  is  obtained  by  the  oxidation  of  its  aldehyde  (§  765),  by 
dry  distillation  of  /3-oxybutyric  acid  (§  747,  2)  : 

CH3.CH(OH).CH2.CO.OH  =  H^O  4-  CH3.CH  :  CH.CO.OH, 

by  heating  ethylic  a-brom-butyrate  with  potassic  hydrate : 

CH3.CHj.CHBr.CO.O.C2H5  4-  20KH  =  KBr  +  OH2  +  HO.CjHg 

4-  CHg.CH  :  CH.CO.OK, 

and  by  boiling  allylic  cyanide  with  potash. 

In  the  latter  case,  however,  a  shifting  of  the  hydrogen  atoms  and 
the  position  of  the  double  carbon  union  takes  place.  The  structural 
constitution  of  allylic  iodide  is  undoubtedly  CHg  :  CH.CH2I.  This  on 
heating  with  potassic  cyanide  should  give  the  nitrile  of  /3-cro tonic 
acid,  CH2  :  CH.CHg.CN,  which  by  treatment  with  potassic  hydiute 
would  be  expected  to  yield  /3-crotonic  acid,  instead  of  which  a-cix)tonic 
add  is  formed. 

Owing  to  the  easy  convertibility  of  thie  /3-acid  to  the  «,  the  facts 
are  not  very  surprising ;  indeed,  it  is  quite  a.  question  whether  the 
nitrile  contains  the  nucleus  of  the  a-acid  and  reacts  in  this  manner  : 

CH2  :  CH.CH2I  4-  KCN  =  KI  4-  CH3.CH  :  CH.CN, 

or  if  the  nitrile  of  the  /3-acid  is  first  formed,  and  during  the  replace- 
ment of  the  nitrogen  atom  by  oxygen  the  hydrocarbon  radical 
changed  to  that  of  the  a-crotonic  acid. 

a-Crotonic  acid  crystallises  in  tiibles  or  needles  melting  at  72°,  and 
distils  at  180°  without  change;  it  is  slowly  converted  by  nascent 
hydrogen  into  butyric  acid ;  nitric  acid  oxidises  it  to  acetic  and  oxalic 
acids,  chromic  acid  to  acetic  and  carbonic  acids,  and  by  melting  with 
potassic  hydrate  it  is  split  up  into  two  acetic  acid  molecules. 

Hydric  iodide  and  bromide  combine  with  it  to  form  the  two 
possible  a-  and  /3- halogen  butyiic  acids  : 

aCH3.CH  :  CH.CO.OH  4-  aHI  =  6CH3.CH2.CHI.CO.OH 
4-  (a  -  6)CH3.CHI.CH2.CO.OH, 

which  by  boiling  with  potash  yield  a  mixture  of  a-  and  /3-oxybutyric 
acids. 

795.  Two  molecules  of  phosphoric  chloride  act  with  great  energy 
on  one  molecule  of  ethylic  aceto-acetate,  forming  a  mixture  of  the 
chlorides  of  two  different  crotonic  acids. 

Similarly  to  the  reaction  between  phosphoric  chloride  and  acetone 
(§  445),  the  action  is  here  not  exactly  confined  to  that  repi'esented  in 
the  equation : 

CH3.CO.CH2.CO.O.C2H,,  4-  2PCI5  =  2POCI3  4-  CjHftCl 

4-  CH3.CCI2.CH2.CO.CI ; 

but  hydric  chloride  is  also  formed  under  the  assumption  of  difference 
in  *  place  value '  of  the  hydrogen  atom  : 

aCH3.CCl2.CH2.CO.Cl  =  aHCl  4-  6CH3.CCI :  CH.CO.Cl 
4-  (a  -  6)CHa  :  CClCHj.CO.CL 

H  H 
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On  contact  with  water  the  chlorides  decompose  into  the  two  iaomeEic 
chlor-crotonic  adds : 

CHa.Ca.CH.OO.OH  and  CH,  :  CC1.CH,.00.0H, 

which  are  separahle  by  difference  of  solubility. 

Chlor  a-crotonie  acidf  CH3.CCI :  OH.OO.OH,  crystalliBes  in  colomv 
less  prisms,  melting  at  94^,  boiling  206*^-211^,  soluble  in  35  parts 
cold  water,  easily  in  hot  water.  Sodium  amalgam  gives  a-crotonic 
add : 

CH3.CCI :  CH.OO.OH  +  Na,  =  NaCl  +  CH3.CH  :  CH.CO.ONa. 

Probably  the  same  crotonic  acid  results  from  the  action  of  zinc  and 
HCl  on  trichhr  crotonic  aeid,  C4H3CI3O},  obtained  by  the  oxidation  of 
trichlor  crotonic  aldehyde  with  nitric  acid  in  colourless  needles,  melting 
at  44«. 

Chhr  fl-croUmie  acid,  CH, :  CC1.CH,.C0.0H,  forms  needles 
difficultly  soluble  in  water,  melting  at  59*5^,  and  subliming  even  at 
ordinary  temperatures  and  boiling  at  195°.  Sodium  amalgam  in 
aqueous  solution  gives  the  salt  of 

796.  2.  ft-CroUmic  acid,  CHa :  CH.CHj.CO.OH,  %90croUmic  or 
quarteni/lic  acid,  a  liquid  not  freezing  at  — 15°,  boiling  at  172°,  but 
leaving  a  small  residue  of  u -crotonic  acid  at  each  distillation  and  com- 
pletely changed  into  the  latter  by  heating  in  tube  to  180°.  /9-Crotonic 
acid,  by  heating  with  potassic  hydrate,  splits  up  into  acetic  add  only, 
whereas  from  its  structure  formic  and  propionic  acids  were  to  be 
expected. 

CM2  I CCIX3 
3.  Meth-acrylic  acid,  |  ,  results  in  the  form  of  its 

CO.OH 
eihylic  salt  from  the  action  of  PCI3  on  the  ethylic  salt  of  a-hydroxy- 
isobutyric  add  (§  747,  3)  : 

CH3.C(OH).CH3 
3  I  4-  PCI3  =  P(0H)3  +  3Ha 

CO.O.CaHa 

CI12  *  vy.G£[3 
+  3  I 

CO.O.CaHs 

The  free  add  is  liquid  at  0°,  and  is  broken  up  by  fused  potassic 
hydrate  into  formic  and  propionic  adds  : 

CHj  :  C.CH3  CHa.CH3 

I  +  KOH  +  OHj  =  CHKOj  4-  Ha  4-    | 

CO.OK  CO.OK 

A  brom  substitution  product,  brom-meth-acrylic  acid,  results  from 
heating  dtraconio  dibromide  with  aqueous  alkalies  (see  citra-dibrom- 
pyrotartaric  add). 

Adds  o/the  Formtda  CsHgOj. 

Four  of  these  adds  are  known. 

797.  1.  Methyl  crotonic  acid,  CH3.CH :  C(CH3).C0.0H,  iiglic 
{icid,  or  a-^imeihyl  acrylic  acid.     By  action  of  phosphorus  chloride 
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on  ethylic  eth-meth-oxalate  (comp.  §  749,  2)  eihylic  methyl  croionate, 
CH3.CH  :  C(CH3).CO.O.C2H5,  is  obtained  as  a  liquid  boiling  at  156°. 
The  free  acid  crystallises  in  tnclinic  prisms,  melting  at  62°,  and  is 
decomposed  into  acetate  and  propionate  by  fusion  with  potassic 
hydrate. 

Croton  oil  (from  the  seeds  of  Croton  Tiglium)  contains,  in  addition 
to  the  glycerine  salts  of  numerous  acids  of  the  acetic  series,  the  salt  of 
an  acid,  tvjlic  acid,  which  appears  to  be  identical  with  methyl  crotonic 
acid ;  it  melts  at  64°  and  boils  at  198'5°.  This  acid  is  also  obtained 
from  oil  of  camomile  (Anthejnis  nobilis),  by  saponification  of  the 
alkiiloids  of  VercUrum  Sabadilla  and  by  heating  angelic  acid.  Hydro- 
bromic  acid  converts  it  into  a  brom-valeric  acid. 

2.  ll-Dimeth-acrylic  acidy  (CH3)2C  :  CH.CO.QH,  is  prepared  from 
hydix)xy-isopropyl  acetic  acid,  (CH3)2.C(OH).CH2.CO.OH,  by  dis- 
tillation with  sulphuiic  acid.  It  forms  monoclinic  prisms,  melting 
at  70°. 

3.  Angelic  cudd  occurs  in  the  root  of  Angelica  archcmgelica  and 
in  Euryaanyium  sumbul,  camomile  oil  and  the  roots  of  various  Um- 
belliferse,  from  which  it  may  be  obtained  by  boiling  the  roots  with  milk 
of  lime  and  decomposing  the  filtered  solution  with  sulphuric  acid, 
and  distilling  in  a  current  of  steam,  the  angelic  acid  passing  over,  and 
from  laserpitin  and  peucedanin  by  the  action  of  potassic  hydrate. 

The  acid  forms  large  monoclinic  prisms,  melting  at  45°  and 
boiling  at  185°,  a  portion  being  converted  into  an  isomeric  modifica- 
tion during  the  process.  It  is  insoluble  in  cold  but  easily  soluble  in 
hot  water,  and  also  in  alcohol  and  ether.  Its  salts  are  mostly  soluble 
in  water.  Nascent  hydrogen  has  no  efibct  on  the  acid  either  in  add 
or  alkaline  solution  ;  with  HI  it  is  reduced  to  a  valeric  acid.  Bro- 
mine forms  a  dibrom-vaUric  acid^  melting  at  76°  and  giving  an  oily 
brom-butyleno  on  boiling  with  caustic  potash  : 

C4H7Br2.CO.OK  +  2K0H  =  C4H7Br  +  K2CO3  +  KBr  +  OH,. 

The  exact  constitution  of  angelic  acid  is  not  yet  known,  and  indeed 
its  isomerism  with  a-/3-dimethyl  acrylic  acid  cannot  be  represented 
by  the  notation  at  present  in  use. 

4.  Allyl  acetic  acid,  C3HvCH2.CO.OH,  is  a  colourless  oil  of  boiling 
point  182°,  obtained  by  the  decomposition  of  ethylic  allyl-aceto- 
aoetate. 

Adda  of  the  Formula  C^HjoOg. 

798.  1.  Ethyl  crotonic  acid,  a-methyl  fi-eth-cu^ylic  add: 

CH3.CH :  C(C2H5).CO.OH, 

is  obtained  as  ethylic  salt  on  treating  ethylic  dieth-oicalate  (§  750,  2) 
with  PCI3  and  then  with  water.  It  forms  square  prisms  melting  at 
41-5°,  sublimes  at  ordinary  temperatures,  and  gives  butyrate  and 
acetate  on  fusion  with  potash. 

2.  Jlydro-sorbic  acid,  a-propyl  acrylic  acid,  C5H9.CO.OH,  is  ob- 
tained from  sobric  acid  by  the  action  of  sodium  amal^m.  It  is  only 
slightly  soluble  in  water,  is  liquid  at  —18°,  boils  at  204°,  and  at  19° 
has  a  sp.  gr.  of  969 ;  fusion  with  potassic  hydrate  splits  it  up  into 
acetic  and  butyric  adds. 

hh2 
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3.  Pyroterehic  acid,  a-iaopropyl  acrylic  acid  : 

(CH3)3.CH2.CH :  CH.CO.OH, 

is  obtained  hj  the  dry  distillation  of  terebic  acid,  C7H1QO4.  It  is 
an  oil  boiling  at  210°;  fusing  potash  gives  isobutyric  and  acetic 
salts. 

Higher  Members  of  the  C^Hgn  -  2^2  Series, 

799.  These  bodies  are  very  imperfectly  known,  there  being  still 
many  gaps  in  the  series. 

Cimicic  acid,  Ci^HsgO^,  occurs  in  a  free  state  in  a  beetle  (Rhaphi- 
gaster  punctipennis),  from  which  it  may  be  extracted  by  ether.  It 
melts  at  44"". 

Hypogasic  acid,  C16H30O2,  exists  in  earth-nut  oil  {Aracfiis  hypogae) 
along  with  ai-achic  add  (§  598),  and  also  in  the  sperm  oil  of  Physeter 
tnacrocephalus.  It  forms  colourless  needles,  melting  at  33°  and 
soluble  in  alcohol  and  ether.  It  oxidises  in  the  air  and  combines 
with  bromine  to  form  dibrom-palmitic  acid,  C|5H3oBr302,  melting 
point  29°,  which,  on  treatment  with  potash,  gives  numobrom-hypogceic 
acid,  C|gH29Br02. 

Nitrous  acid  converts  hypogseic  acid  into  an  isomeric  gcddic  acid, 
of  melting  point  39°,  which  does  not  oxidise  in  air  or  decompose  on 
distillation. 

800.  Oleic  acid,  C|gH3402,  is  found  as  a  glycerine  salt  in  nearly 
ail  fiats,  €3115(0.0 1  gH330)3.  Almond,  olive,  and  whale  oils  are 
especially  rich  in  this  salt.  The  acid  is  obtained  by  saponification 
with  plumbic  oxide  and  finally  purified  by  means  of  its  barium  salt. 

It  is  a  colourless,  tasteless  oil,  solidifying  at  0°,  and  afterwaitis 
melting  at  14°.  It  distils  in  superheated  steam  at  about  250°.  When 
distilled  alone  it  splits  up  into  a  mixture  of  sebacic,  caproic,  caprylic 
acids,  and  other  bodies.  It  rapidly  oxidises  in  the  air,  and  gives  salts 
with  the  alkalies  which  are  true  soaps.  It  combines  with  bromine  to 
form  Oi(}H34Br202,  from  which  brom-oleic  and  stearolic  acids  may  be 
obtained  by  the  action  of  potassic  hydrate. 

Oleic  acid  is  converted  by  nitrous  acid  into  the  isomeric  elaidic 
acid,  forming  leafy  crystals  of  45*^  melting  point.  This  acid  also 
forms  a  dibromide  from  which  nascent  hydrogen  reduces  the  original 
acid.  Oleic  acid,  when  fused  with  alkalies,  gives  acetic  imd  palmitic 
acids. 

Picinoleic  acid,  or  hydroxy-oleic  acid,  0 1^113403,  stands  in  near 
relationship  to  oleic  acid.  Its  glycerine  salt  is  found  in  linseed  oil. 
It  also  gives  an  isomeric  crystaJHne  modification,  melting  at  50°,  on 
treatment  with  nitrous  acid.  It  does  not  oxidise  on  exposure  to  air, 
and  gives  on  dry  distillation  oenanthol,  and  with  potash  yields  normal 
secondary  octyl  alcohol  along  with  methyl-hexyl  ketone  and  sebacic 
acid : 

C18H33KO3  +  KOH  +  OH2  =  CioHieK204  +  CgHj.O  +  H, 

Potassic  sebate.  Octyl  alcohol. 

C18H33O3K  +  KOH  4-  OHj  =  C10H16K2O4  +  CgHieO  +  2H2 

Methyl-hexyl 
ketone. 

(coihp.  §  453), 
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801.  Dcsglic  acid,  CigHsgOQ,  fi-om  the  oil  from  the  doBgling  or 
bottle-nosed  whale,  melts  at  16°. 

Eittcic  acid,  C22H42O2,  also  called  brassie  add,  is  obtained  from 
rape-seed  oil,  mustard  oil,  and  alsp  from  grape  seeds  or  kernels.  It  is 
pmifled  by  means  of  its  lead  salt  in  similar  manner  to  that  already 
described  for  other  members  of  the  series.  It  forms  long  shining 
needles  melting  at  34°.  With  bromine  it  gives  a  dibromide, 
C22^42^^2^2>  forming  warty  crystals  melting  at  42°-43°,  decom- 
posed by  alcoholic  potassic  hydrate  into  hrom-erucic  add,  C22H4iBr02, 
fusing  at  33°-34°. 

DUiydroxy-adds,  CnH2n-3(OH)20.0H. 

802.  The  only  known  member  of  this  series  is  glyceric  add, 
dihydroxy-propionic  add,  C3H5O4,  the  product  of  the  gentle  oxi- 
dation of  glycerine  by  nitric  acid  or  by  bromine  and  water. 

For  its  preparation  a  mixture  of  equal  parts  of  glycerine  and 
water  contained  in  tall  ghiss  cylinders  is  very  slowly  mixed  with 
double  its  volume  of  nitric  acid,  of  sp.  gr.  1*3,  by  means  of  a  long 
funnel  tube  reaching  to  the  Iwttom  of  the  liquid.  After  standing  a 
few  days,  until  the  liquid  has  become  homogeneous,  it  is  evaporated 
to  a  syrup,  which  is  then  diluted  with  water  and  neutralised  with 
plumbic  carbonate.  After  several  recrystallisations  and  treatment 
with  animal  charcoal  the  pure  salt  is  decomposed  by  hydric  sulphide. 
The  filtrate,  on  evaporation,  yields  the  free  acid  as  a  syrup. 

Its  salts  are  mostly  soluble  and  crystallisable.  The  caldc  salt, 
(C3H504)2Ca  4-  2OH2,  crystallises  in  concentrically  grouped  prisms. 
The  ethylic  salt,  C3H5(C2Hg)04,  is  a  viscid  liquid,  boiling  at 
230°-240°,  sp.  gr.  1*193  at  6°,  soluble  in  water,  and  easily  decomposing 
into  free  acid  and  alcohol. 

Glyceric  acid  is  a  monobasic  acid  and  also  a  diatomic  alcohol,  and 
possibly  has  the  constitution  CH2(0H).CH(0H).00.0H,  but  the  pro- 
cess of  oxidation  and  constitution  may  also  be  expressed  by  the 
following  equation : 

CH2.OH  CH2.OH 


CH.OH  +  02  =  OH2  -f      C.OH 

I  /\ 

CH2.OH  O— CH.OH 

On  heating  to  140°  the  acid  gives  a  gummy  substance,  which  is  pro- 
bably an  ethereal  anhydride  (§  707).  At  a  higher  temperature  it 
gives  off  more  water,  and  passes  for  the  most  part  into  pyro-racemic 
or  pyruvic  acid  with  a  little  pyro-tartaric  acid  : 

C3H6O4  =  OH2  +  C3H4O3 

PjTuvic  acid. 

Treated  with  hydriodic  acid  it  gives  glycerine  iodo-propionic  acid 
(§  744) ;  with  phosphoric  chloride,  the  chloride  of  /3-dichlor-propionic 
acid  : 

C8H6O4  +  PCI3  =  3POCI3  -f  3Ha  -f  C3H3CI2O.CI. 

Boiling  potassic  hydrate  solution  converts  glyceric  acid  into  oxalate 
and  lactate.     Melted  potash  gives  acetate  and  formate. 
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I  =rCOj-H/>-^  no  or 

CH^OffiuCO.OH  CH.COOH  03uC0.0H 


It  ii  a  oqradd  miKibie  witk  vaaer  *sd  ogiHag  freemen  1^'  «fld  170^. 
flihii  are  gryififfMnflf,   but   kae^  cti§   iinjyeni    en 


mkI  camaot  be  obtuscd  Tw4fcingpl  ^a  jcufifviw  iKb  ultay  b«t 
ii  tfJtk^nnTOtd  into  a  smror  Dcn-v^oifttiie  acid,  zmair  prrD"«ntsnc  arid 
on  d^uQ&tkn. 

yMCCfkt  Ikj^irofgen  euniciis  h  mto  or&my  fadir  acii^  and  br 
hftiT^  witb  Kjdrie  k^ie  eidicr  bede  or  proptonie  aod  iht  be  pn>> 
dood,  »ee>r«£ng  to  tbe  temperttoie  or  icLim?  <;«iiititMB  c^^lo^vd : 


^tn 


+  H^  =  CBLOH 


CO.OH  CO.OH 

Whb  bfoaine  it  fbrms  jui  extmMhr  nnnf  bif  ci^vtelliBe  eom- 
pmmd,  CjflfBr^O^.  At  a  tempermtiire  of  100=  broHiiie  prtm  m 
dOfr^fm^^yroneemuc  aeid,  C^H^^Oj  ->-  30H^  wbieb  faimt  kip 
HMMDlMe  cnritftbK.  Fbo«pboric  chloride  conreftg  it  into  dicUor  |vo- 
fMonic  chloride,  Bj  long  beating  with  baric  bjdraie  wlaiiwi  aihs  of 
acetic,  ozaKc,  and  nitric  adds  are  pfodnoed. 

Fropum^  fi^rmU  add,  CH,.CH^CO.CX>.OH,  ii  a  uiiuilcM  oQj 
liqni'l,  of  spi  gr.  1'12  and  boiHng  at  74^-78^  under  a  fiwiin  of 
25  mm. 

Bui^fryl  fwrmic  acid,  CH,.CH^CH^<X).CX>.OH,  ii  a  ooIourleB 
]i/|nid,  UAXing  with  slight  deoympositioti  at  18(f-ld5^  under  ordinaiy 
atmospheric  piXMure. 

8mne^  Beridn^,  CJtl^'SO^i  is  related  to  gljoeric  add  in  the  same 
manner  that  gljoocine  is  to  gljooUic  acid  or  alanine  to  lactic  add.  It 
IS  a  prodact  r/  the  deoompontion  of  siUr  bj  boiling  dilate  ^nlphaIic 
add. 

Herine  crjKtallifles  in  hard  prisma,  solnble  in  cold  water,  but  in- 
notable  in  alcohol.  It  has  a  faintly  sweet  taste,  and  behaves  towards 
adds  and  'oases  like  a  glycine  (§  718);  e.g.  it  combines  one  equivalent 
(^  an  add  and  allows  one  hydrogen  atom  to  be  replaced  by  a  metal. 
Its  sal tM  are  all  ciystallisable. 

Nitnms  add  converts  it  into  glyceric  add  : 

C,H^OHXNH,)O.OH  +  HO.NO  =  H,0  +  N, 

+  C3H3(OH)AOH. 

Cyttine,  CjH^NO^,  ap|iears  to  be  a  sulphur  derivative  of  serine. 
It  has  been  found  in  nrine  and  in  tbe  kidneys  in  very  small  quantity ; 
in  larger  qnaniity  in  some  forms  of  urinary  calculi,  from  which  it  may 
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be  extracted  by  ammonia  solution  and  obtained  in  minute  oolourless 
six-sided  tabular  crystals. 

It  is  insoluble  in  water  and  alcobol,  but  dissolves  in  alkalies  and 
acids,  forming  ciystalline  salts  with  the  latter.  It  is  non-volatil^ 
and  decomposes  on  heating  with  production  of  a  most  penetrating 
odour. 

Pboparqtl  Compounds. 

804.  By  removal  of  two  hydrogen  atoms  from  allyl  and  substitution 
of  a  triple  for  a  double  carbon  union,  the  primary  radical  propargyl  is 
formed.  The  propargyl  compounds  therefore  appear  as  allyene 
(§  759),  in  which  one  hydrogen  atom  of  the  methyl  group  has  been 
replaced  by  halogens  or  oxygen  nuclei,  kc, : 

CH  CH 


A 


allylene        C        propargyl 

Il<|  OIxj 


806.  Fropargylic  alcohol,  C3H4O  =  CH :  C.CH2.OH,  is  obtained 
from  a-brom-allylic  alcohol  (§  768)  by  heating  with  potassic  hydrate 
and  a  little  water  in  a  vessel  attached  to  an  inverted  condenser : 

CH, :  CBr.CH2.OH  +  KOH  =  KBr  +  H^O  +  CH  i  C.CBia.OH. 

The  excess  of  potassic  hydmte  is  neutralised  with  carbonic  anhydride, 
and  the  aqueous  propargylic  alcohol  distilled  off;  potassic  carbonate 
added  to  the  distillate  to  satiuntion,  the  separated  lighter  layer  re- 
moved, dried  by  fused  potassic  carbonate  and  rectified. 

Propargylic  alcohol  is  a  colourless  mobile  liquid  of  burning  taste 
and  agreeable  smell,  misdble  with  water.  Its  sp.  gr.  is  -9628  at  21®, 
the  vapour  density  1*9  ;  it  boils  at  115°.  The  vapour  bums  in  air 
with  a  strongly  luminous  flame.  It  yields  a  siskin-green  precipitate 
with  ammoniacal  cuprous  chloride,  which  bums  explosively  on  heating, 
and  probably  has  the  formula  : 

Cu.C :  C.CH0.OH 


Cu.C;C.CH2.0H 

Ammoniacal  argentic  chloride  gives  a  white  precipitate  of  analogous 
composition,  AgJC  { C.CH2.0H)2.  Both  metallic  compounds  yield 
propargylic  alcohol  when  treated  with  hydrochloric  acid.  It  combines 
directly  with  bromine,  and  with  strong  hydrobromic  acid  regenerates 
a-brom-allylic  alcohol. 

It  reacts  on  phosphorus  tribromide,  forming  propargylic  bromide, 
CH  •  C.CHjBr,  a  colourless  liquid  of  sp.  gr.  1*52  at  20°  and  boiling  at 
88°-90°,  whilst  acetylic  chloride  converts  it  into  propargylic  acetate, 
CH  \  C.CH2.O.C3H3O,  a  liquid  of  unpleasant  odour,  boiling  at  125°. 

PropargyUthyl  ether,  C.^HgO  =  CH  •  CCH^.O-C^Hu,  is  obtained 
when  alcoholic  potassic  hydrate  acts  on  glyceryl  trihaloids  : 

CH2CI.CHCICH2CI  +  2K0H  +  KOCjH,  =  3KC1  +  211  fi 
+  CH :  C.CH,.O.C3|H5  (comp.  §  197), 
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on  allylene  dibromide  (§  759)  : 

CHBriCBr.CHj  +  KOH  +  KOC2H5  =  2KBr  +  HjjO 

+  Cxi :  C.CH2.O.C2H5, 

on  dichlor  glycid  (§  767) : 

CH^iCCl-CHjCl  +  KOH  +  KOC0H5  =  2KCa  +  HjO 

+  CH :  C.Ca.2.0.C2H5, 

and  on  brom-propylene  dibromide  (§  659).  It  is  a  colourless  liquid  of 
disagreeable,  penetrant  odour,  of  boiling  point  81°-82°  and  sp.  gr.  '83 
at  7°.  It  gives  a  yellow  precipitate  with  ammoniacal  cuprous  chloride, 
Ca2(C  •  C.CH2.0.C2H5)2,  and  a  white  in  ammoniacal  argentic  nitrate 
of  Ag2(0  i  C.CH20.C2Hft)2. 
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NUCLEUS,  C„H2„_4. 

Monobasic  Unsaturated  Acids. 

806.  Although  the  first  substitution  products  of  the  acids 
CnHjn  -  2O2  (§  792),  and  also  ricinolic  acid  (§  800),  are  monobasic  adds 
of  this  group,  it  has  been  more  convenient  to  consider  them  at  another 
place. 

Compounds  of  the  Double  Acid  Radicals,  Cn-Hgn- :  (C=)2. 

807.  The  chief  rcpresentatiyes  of  this  group  are  the  dibasic  acids 
and  the  derivatives  of  their  oxy-radicals,  the  diacidoxylsy  Cn'H2n'(CO)2. 
The  only  compounds  known  free  from  oxygen  are  some  nitriles  and  a 
number  of  varied  derivatives  of  the  dicarbon  nucleus  •  C.C  • . 

The  dibasic  acids  stand  to  the  monobasic  acids  in  the  same  relation 
as  the  glycols  to  the  monhydric  alcohols.  All  metamorphoses  of  the 
monobasic  acids  can  be  suffered  by  them  either  singly  or  doubly. 
Thus  they  form  two  serias  of  salt*? : 

p  ^j    .CO.OM  p  pr    .CO.OM 

^n  I  i  2n'  QQ  Qjj  ^»^2n  CO  Q]y£ 

Acid.  Normal. 

M  representing  either  a  metal  or  alkyl,  &c.,  normal  and  acid  amides  : 

C„  H2„.^,^ -^^^  ^n'"2n  QQOH    (amicacid) 

together  with  salts  of  the  latter. 

The  formation  of  anhydrides  and  imides  probably  occurs  in  a  dif- 
ferent way  to  that  in  the  fjitty  acids,  the  anhydro-oxygen  atom  or 
divalent  imid  group  not  being  attached  to  two  diacid  oxyls,  but  to 
both  bonds  of  a  single  diacid  oxyl  : 

CnHanQQ^O, anhydride, and CnHgn'^Q^NH,  imide. 

808.  Formation  of  Dibasic  Acids. — The  dibasic  acids  can  be  pre- 
pared by  oxidation  of  the  double  primary  glycols,  e.g. 

CHj.OH  CO.OH 

+  40  =  2H2O  +  I 
IHaOH  CO.OH 

Etiiylene  glycol. 


i) 


i 
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the  primary  aioohol  acids,  e.g. 

CHj.OH  CO.OH 

I  +  20  -  H,0  4-  I 

CO.OH  CO.OH 

GlycoUic  acids. 

their  aldehydes,  e.g. 

0H:0  CO.OH 

I  H.20«l 

CH:0  CO.OH 

Glyoxal. 

and  the  monobasic  aldehyde  acids,  e.g. 

CH:0  CO.OH 

+  0-  I 
JO.OH  CO.OH 

Glyoxvlic  acid. 

Nearly  all  members  of  the  series  are  formed  by  the  oxidation  of 
the  fatty  acids,  C„H2n02,  of  high  carbon  contents,  also  from  the  adds 
of  the  oleic  series,  CnHgn-  2^2»  ^^^  *^®  acids,  CnH2n.402,  and,  in  con- 
sequence, also  from  the  monhydric  alcohols  and  fats.  fVequently  in 
these  cases  several  dibasic  acids  are  formed  at  the  same  time,  that  first 
formed  being  further  oxidised  into  carbonic  anhydride,  water,  and  an 
add  of  less  carbon  contents  : 

CnHjn  (CO.OH)  +  30  =  COj  +  HjO  +  C„_  iHaCn-  iXCO.OH),. 

The  following  methods  of  preparation  are  accompanied  with  nucleus 
synthesis. 

Alkylene  dihaloids  react  on  potassio  cyanide,  forming  alkylene 
dicyanides,  the  nitriles  of  the  radicals  of  the  dibasic  adds  : 

CnHjnBrj  +  2K.CN  =  2KBr  +  CnH2n(CN)2, 

which,  by  boiling  with  acids  or  alkalies,  are  converted  into  the  dibasic 
adds  and  ammonia. 

The  monohalogen  substitution  derivatives  of  the  O^tty  acids 
similarly  yield  the  half-nitriles  : 

^n'Hjn'Br  CnHjij.CN 

I  +  K.CN  -  KBr  +  I 

CO.OK  CO.OK 

which  also  yield  dibasic  acids  on  boiling  with  acid  or  alkalies. 

The  moniodo  fatty  acids,  on  heating  with  finely  divided  silver,  give 
up  thdr  iodine  to  the  latter,  the  two  residues  uniting  with  one 
another,  e.g. 

CH^.CO.OH 
(I.CH2.CO.OH)2  +  Aga  «  Agal^  4-  | 

CH2.CO.OH 

809.  The  dibasic  add  can  be  converted  into  the  fiitty  add  of  next 
lower  carbon  contents — though  always  only  in  part — by  fusing  with 
potassic  hydrate  containing  some  water  : 

C„H»;gg;g|  +  HOK  =  C0(0K)2  +  C„H,„+,. CO.OK. 
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On  electrolysis  the  alkaline  salts  of  the  dibasic  adds  yield  alky- 
lenes,  containing  two  carbon  atoms  less,  similarly  to  the  formation  of 
the  dialkyls  from  the  fatty  acids  : 

CnH2„.(C0.0K)a+  HaO  =  CO(OK)a  +  H^  +  COa  +  C„.H2„.. 

Compounds  of  the  Dicarhon  Nucleus^  \  C.C  • . 
Halogen  Compounds. 

810.  Dicarhon  hexackloridey  CsClg,  also  termed  sesquichloride  of 
carbon  and  perchlor  ethane,  is  the  last  chlor  substitution  product  of 
ethane,  and  also  therefore  results  from  the  action  of  chlorine,  assisted 
by  light  and  heat,  on  ethylic  chloride,  ethylene,  and  ethylidene  di- 
chlorides,  the  chlorides  of  the  formula  C2H3CI3  and  C2H2CI4,  and  on 
ethinyl  pentachloride,  Cs^^^s*  ^^  ^7  ^^^  repeated  action  of  alco- 
holic potassic  hydrate  and  chlorine  on  ethylene  dichloride  (§  473). 

Perchlor-ethane  forms  colourless  rhombic  crystals  of  camphorous 
odour,  which  have  sp.  gr.  2  and  boil  at  182^.  They  are  insoluble 
in  water,  but  readily  soluble  in  alcohol  and  ether. 

On  passing  the  vapour  through  red-hot  tubes  it  decomposeB  into 
free  chlorine  and  dicarhon  tetrachloride  : 

CCI3.CCI3  =  Clj  +  CClaiCCla. 

Two  chloiine  atoms  are  removed  by  treatment  with  alcoholic 
potassic  sulph-hydrate : 

CCI3.CCI3  +  2KSH  =  2KC1  +  S  +  SHa  +  CCla.CCla, 

or  with  zinc  and  sulphuric  acid. 

At  ordinary  temperatures  alcoholic  potassic  hydrate  hi\s  no  action  ; 
on  long  heating  it  yields  much  oxalate  : 

CCla  CO.OK 

I        H-  8K0H  =  6KC1  +  4HaO  +  | 
CCI3  CO.OK 

together  with  ethylene  and  oxidation  products  of  the  alcohol  em- 
ployed as  a  solvent. 

Dicarhon  tetrachloride,  C2CI4  =  CCl2:CCl2,  perchlor  ethylene,  is 
formed  by  the  above  decompositions  of  the  hexachloride,  and  is  readily 
obtained  by  heating  the  vapour  of  carbonic  tetrachloride  (§  538).  It 
is  a  colourless,  mobile  oil,  of  sp.  gr.  1*649  at  0°,and  boils  at  117°.  In 
sunlight  it  unites  with  two  atoms  of  chlorine,  forming  the  hexachloride, 
and  also  with  bromine,  yielding  dicarhon  tetrachlor-dibromide, 
C2C\j^Bt2  =  CC'ljBr.CClaBr,  small  crystals  of  aromatic  odour,  of  sp. 
gr.  2*3  at  21°,  which  decompose  into  their  constituents  at  200°. 

On  heating  dicarhon  tetrachloride  in  sealed  tubes  with  nitric  per- 
oxide to  110°,  they  unite  together  and  form  dinitro-tetrac/Uor  ethane, 
C2C1,(N02)2»  ^  colourless  crystalline  mass,  which  decomposes  into  its 
constituents  at  1 40°. 

Bromine  compounds  of  similar  constitution  and  methods  of  prepara- 
tion are  known,  as  dicarhon  hexabrom,ide,  C2Brg  =  CBr3.CBr3,  a 
colourless,  crystalline  bmly,  difficultly  soluble  in  alcohol  and  ether, 
I'e^idily  in  carbonic  disulphide,  and  decomix)sing  at  200°  without  fusion 
into  bromine  and 
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Dicarbon  Utrahromide,  C2Br4  =  CBr,  rCBrj,  or  perbram  ethylene^ 
cryBtallifles  in  beautifal  plates,  which  melt  at  50^.  It  is  also  formed 
by  the  decomposition  of  ethinyl  pentabroraide  by  alcoholic  potaasie 
hydrate. 

Oxi/h€Ucids. 

811.  PercJdcr^thyl  ether,  C^CljoO  =  (QC[^.QC[^)fi/^&  the  lastpio- 
dnct  of  Uie  action  of  chlorine,  assisted  by  light  and  heat,  on  ethylic 
ether  (comp.  §  207).  It  cry$?ta]lises  in  ooloorless  scales  of  nmilAr 
odonr  to  chloral  and  perchlor  ethane;  it  has  sp.  gr.  1*9  at  14*5°  and 
melts  at  69^.  It  decomposes  at  300^  into  trichlor-acetylic  chloride 
and  perchlor  ethane : 

CC1,.CC1,.0.CC1^CC1,  =  CCl3.CO.Cl  +  CCIa-CCl,. 

Perchlor-ethyl  ether  loses  four  atoms  of  chlorine  when  boiled  with  al- 
coholic potaadc  sulphide,  and  is  converted  into  Morwcethote,  C4CISO  : 

(CCl3.CCl2),0  +  2K2S  =  4KC1  +  S,  +  CC1,:CC1.0.CC1:CC1„ 

a  colourless  liquid  of  agreeable  SpiraeoAJUke  odour  and  sweet  taste,  of 
sp.gr.  1*654  at  2P  and  boiling  at  210^  It  is  insoluble  in  water,  but 
mixes  in  every  proportion  with  alcohol  and  ether. 

In  sunlight  it  combines  with  chlorine,  forming  perchlor  ether ; 
with  bromine  it  forms  crystalline  cfdoroxethose  tetrahromide. 
(CCl3Br.CC] Br) 2O,  whidi  melts  at  96^  and  is  resolved  into  its  com- 
ponents at  180^ 

If  the  chlorine  be  added  in  presence  of  water,  much  chloracetic 
acid  is  formed  : 

(CCl2:CCl)20  H-  3HjO  +  2C1,  =  4HC1  +  2CCl3.CO.OH. 

812.  Perchlor  ethylic  formate,  Q^C\fi^  =  CCIO.O.CjClj,  the  end 
product  of  the  action  of  chlorine  in  sunlight  on  ethylic  formate,  is  a 
colourless  oil  of  strong,  persistent  odour,  which  boils  at  about  200°. 
Wlien  its  vapour  is  passed  through  a  tube  heated  to  redness,  it  is  de- 
composed into  trichlor  acetylic  chloride  and  carlx>nic  oxychloride  : 

CCI3.CCI2.O.CCIO  =  CCI3.CO.Cl  +  COClj. 

Alcohol  reacts  with  it,  forming  ethylic  trichlor  acetate  and  ethylic 
chlor-formate : 

CCl3.CCl,.0.CC10  +  2HO.C2fl5  =  SHOT  +  CClj.CO.O.CjHj 

+  ccao.o.CaHj. 

818.  Trichlor-acetylic  chloride,  Qj^^ifi  =  CCIs.COCl,  is  an  oU  of 
persistent  odour,  which  boils  at  118°  and  has  sp.  gr.  1*603  at  18°.  It 
deliquesces  in  air,  being  readily  decomposed  by  water  into  trichlor 
acetic  acid  and  hydrochloric  acid  : 

con,  coa  +  h,o  =  cci3.c0.0H  +  hci. 

It  can  be  obtained  from  the  latter  by  action  of  phosphoric  chloride. 

814  Trichlor-acetic  acid,  CJCI3HO2  =  CCI3.CO.OH.  can  be  ob- 
tained from  acetic  acid  by  substitution,  but  is  most  readily  prepared 
by  allowing  a  mixture  of  chloral  hydrate  with  three  times  its  weight 
of  nitric  acid  to  stand  for  some  days  in  sunlight.  ArVhen  the  evolution 
of  nitrous  fumes  has  ceased,  the  mass  is  distilled  irom  a  retort,  that 
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portion  ooming  over  at  1 95°  being  pure  trichlor-acetic  acid.  It  solidi- 
fies in  the  cold  to  colourless  rhomohedral  crystals,  which  melt  at  52*3^. 
Its  salts  are  mostly  crystalline  and  soluble. 

Nascent  hydix>gen  in  aqueous  solution  (from  potassium  amalgam 
or  electrolysis)  converts  it  into  acetic  acid  : 

CCI3.CO.OH  +  6K  +  2H2O  =  CH3.CO.OK  +  3KC1  +  2K0H. 

On  boiling  with  solution  of  potassic  hydrate  it  decomposes  into  a  car- 
bonate and  chloroform,  the  latter  being  readily  further  converted  into 
a  formate : 

CCI3.CO.OK  +  HOK  =  CHCI3  +  CO(OK)a 
Ca3.CO.OK  +  5H0K  =.  OHO.OK  +  C0(0K)2  +  3KC1  +  2HaO. 

Boiling  aqueous  ammonia  only  produces  the  decomposition  shown  in 
the  first  equation. 

Ethylic  trichlor-acetcUef  CCI3.CO.O.C2H.5,  obtained  either  by  satur- 
ation of  an  alcoholic  solution  of  the  fi*ee  acid  with  hydrochloric  acid, 
or  distillation  with  sulphuric  acid,  or  by  the  action  of  trichlor  acetylic 
chloride  on  alcohol,  is  a  colourless  oil  boiling  at  164°. 

Ammonia  convei*ts  it  into  idcohol  and  trichlor'acetamide^ 
CCI3.CO.NH2,  which  crystallises  in  nacreous  plates,  melts  at  136°, 
and  boils  at  239°.  On  heating  with  water  to  100°  it  decomposes  into 
ammonic carbonate  and  chloroform. 

Perchlor  methylic  a^cetatCf  C3CI6O2  =  CCI3.CO.O.CCI3,  the  last  pro- 
duct of  the  action  of  chlorine  on  methylic  acetate,  is  isomeric  with, 
and  closely  resembles,  perchlor  ethylic  formate.  Its  vapour  is  also  de- 
composed  into  carbonic  oxycliloride  and  trichlor  acetylic  chloride  on 
passing  through  a  red-hot  tube  : 

CCI3.CO.O.COI3  =  COCI2  +  Cl.CO.CCl3. 

Perchlor  ethylic  acetate,  C4C1^02  =  CCI3  CO.O.CCI2.CCI3,  is  the 
product  of  the  complete  chloiination  of  ethylic  acetate.  It  is  a  colour- 
less liquid  of  chloral-like  odour,  boiling  at  245°  and  having  a  sp.  gr. 
of  1'79  at  25°.  It  is  partly  decomposed  on  distillation,  completely  on 
passing  through  a  red-hot  tube,  yielding  two  molecules  of  trichlor 
acetylic  chloride : 

CCI3.CO.O.CCI2.CCI3  =  2CCI3.COCI. 

816.  Tribroni-dceiic  add,  C2Br302H  =  CBr3.CO.OH,  is  formed 
by  oxidation  of  bromal  (§  778)  with  strong  nitric  acid.  It  is  crys- 
talline, melts  at  135°,  and  boils  at  250°.  On  boiling  its  potassic  aedt 
with  potassic  hydrate,  it  yields  bromoform  and  potassic  carbonate. 

Trihrom-acetylic  hromidej  CBrj.COBr,  is  obtained  by  heating 
dibrom-acetylic  bromide  (§  779)  with  bix>mine  to  200°  in  sealed  tubes. 
It  is  a  yellowish  liquid,  which  boils  somewhat  above  220°,  fumes  in 
air,  and  yields  tribi*om-acetic  acid  with  water. 

TristibstitiUed  Aceto-nitriles. 

816.  Fulminales, — In  presence  of  mercury  or  silver  salts  alcohol 
gives,  on  oxidation  with  nitric  acid  containing  some  nitrous  acid,  a 
crystalline  explosive  precipitate  of  the  so-termed  fulminates  of  silver 
and  mercury.     These  have  the  same  composition  as  the  cyanates  of 
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those  metala,  but  though  having  double  the  molecular  weight,  are  not 
salts  of  a  dicyanic  acid,  but  from  their  products  of  decompoeition 
would  appear  to  be  derivatives  of  aceto-nitrile  (§  547)  in  which  one 
hydrog^i  atom  has  been  replaced  by  nitryl  (NOj),  the  two  others  by 
metal. 

Mercuric  fulminate, /ulminating  mercury ^  CsN2Hg02,  is  mercury 
nUro-acetonUrUe,  CHg(N02).CN.  To  prepare  this  compound  1  part 
of  mercury  is  dissolved  in  12  parts  of  nitric  acid  of  sp.  gr.  1*36,  and 
5^  pc^rts  of  90  %  alcohol  is  then  poured  into  the  solution.  As  soon 
as  the  mixture  is  in  violent  reaction  6  parts  moi-e  of  alcohol  are 
added  slowly,  to  moderate  the  reaction.  At  first  the  mixture  blackens, 
from  separation  of  mercury,  but  this  soon  vanishes  and  is  succeeded 
by  crystalline  flocks  of  mercuric  fulminate,  which  fall  to  the  bottom  of 
the  vessel.  During  the  i-eaction  large  quantities  of  volatile  oxidation 
products  of  alcohol,  such  as  aldehyde,  ethylic  nitrate,  &c,,  are  evolved 
from  the  boiling  liquid,  whilst  others,  such  as  glycollic  acid,  remain  in 
solution.  The  mercuric  fulminate  is  then  crystallised  from  hot  water. 
It  forms  white,  silky,  delicate  needles,  which  are  difficultly  soluble  in 
cold  watei*.  In  the  dry  state  it  is  extremely  explosive,  detonating  on 
heating  or  by  friction  or  percussion,  as  also  on  contact  with  con- 
centrated sulphuric  acid.  It  is  used,  mixed  with  potassic  nitrate,  for 
filling  percussion  caps. 

On  adding  copper  or  zinc  to  a  hot  saturated  solution  of  the  salt, 
metallic  mercury  separates,  and  readily  soluble  zincic  or  cupric  ful- 
minate is  formed. 

Argentic  fulmhvate,  fulminating  stiver,  C2N202Ag2,  diargento- 
nitro-acetonitrile,  C(N02) Agj.CN,  is  prepared  in  similar  manner  to  the 
mercury  compound.  It  separates  in  fine  white  needles,  which  dissolve 
in  36  parts  of  boiling  water  and  are  very  difficultly  soluble  in  cold 
water.  At  above  100°,  or  on  the  weakest  blow,  fulminating  silver 
explodes  with  fearful  violence,  even  when  covered  with  water. 

On  adding  pota;^ic  chloride  to  a  boiling  solution  of  argentic  ful- 
minate as  long  as  a  precipitate  of  argentic  chloride  forms,  there  is 
obtained  on  evaporation  brilliant  white  plates,  of  veiy  explosive  nature, 
of  potassic  argentic  fulminate,  C(N02)KAg.CN,  from  whose  aqueous 
solution  nitric  acid  precipitates  a  white  powder  of  hjjdric  argentie/vZ- 
mifiate,  C(N02)HA!g.CN. 

817.  All  attempts  to  prepare  nitix)-acotonitrile,C(N02)H2.CN,from 
the  fulminates  have  failed.  On  passing  sulphuretted  hydrogen  through 
an  aqueous  solution  of  mercuric  fulminate,  mercuric  sulphide  is  pre- 
cipitated, but  at  the  same  time  carbonic  anhydride  is  evolved,  and  the 
solution  contains  ammonic  sulpho-cyanate  : 

C(NOa)Hg.CN  4-  2H2S  =  HgS  h-  COj  +  (NH4)S.CN. 

Chlorine  gas  decomposes  mercuric  fulminate  into  mercuric  chloride, 
chlorpicrin  (§  542),  and  cyanogen  chloride  : 

C(N02)Hg.CN  +  3CI2  =  HgCla  +  C(N02)Cl3  +  CICN, 

whilst  bromine  in  the  presence  of  water  removes  the  metal,  taking  its 
place  and  yielding  dibrom  nitro-acetonitrile  : 

C(N02)Hg.CN  +  2Br2  =  HgBra  -h  C(N02)Br2.CN. 

Dibrom  nitro-aceUmitrtle  crystallises  from  ether  and  alcohol  in 
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well-formed  crystals  insoluble  in  water.  It  melts  at  60°,  and  oom- 
mences  to  boil  with  deoomposition  at  130°. 

Iodine  acts  like  bromine  and  yit^lds  colourless  monodinic  prisms  of 
diiodnitr(hacetonUr%le,  C(N03)l2.CN,  which  melt  at  86°  wiUi  partial 
decomposition. 

81o.  Ftdminuric  Acid, — By  boiling  mercuric  fulminate  with 
aqueous  solutions  of  alkaline  haloids,  mercuric  haloids  and  fulminurates 
are  formed.  Most  usually  ammonic  chloride  is  employed  to  effect  the 
decomposition;  the  solution  is  mixed  with  ammonia  to  precipitate  the 
mercury  as  white  precipitate,  and  ammonic  fulminurate  : 

C3N3(NH,)H,03, 

obtained  by  evaporating  the  filti*ate.  If  potassic  chloride  be  employed 
instead  of  ammonic  chloiide,  potassic  fulminurate  is  obtained  in  bnlliant 
prisms.  A  solution  of  the  ammonic  salt  gives  with  basic  plumbic 
acetate  a  white  precipitate  of  plumbic  fulminurate.  If  this  latter  be 
suspended  in  water  and  decomposed  with  sulphuretted  hydrogen, 
plumbic  sulphide  is  precipitated  and  ftdminuric  add,  C8N3H3O3,  re- 
mains in  solution,  and  is  left  on  evaporation  in  the  form  of  a  strongly 
acid  syrup,  which,  on  complete  drying,  solidifies  to  a  crystalline  mass. 
This  latter  decomposes  with  slight  explosion  when  heated. 

A  mixture  of  strong  sulphuric  and  nitric  acids  converts  fiilminuric 
acid  into 

819.  Trinitro-cusetonitrile,  C2N4O6  =  C(N02)8.CN,  a  colourless, 
camphor-like,  crystalline  mass,  melting  at  41*5°  ;  it  detonates  violently 
at  220°,  and  is  convei*ted  into  carbonic  anhydride  and  the  ammonium 
compound  of  nitroform  by  water  or  alcohol  at  ordinary  temperatures 
(§  541). 

Sulphuretted  hydrogen  converts  trimtro-acetonitrile  into  ammon- 
dinitro-acetanitrUe : 

C(N02)3.CN  +  4H2S  =  84  +  2H2O  +  C(N02)j(NH4).CN, 

crystallising  in  brilliant  colourless  needles,  readily  soluble  in  water, 
and  which  volatilise  markedly  with  evolution  of  irritating  fumes  at 
100°.  Dilute  stdphuric  acid  forms  with  it  ammonic  sulphate  and 
dinitrxyacetonitrile,  C(N02)2H.CN,  forming  large  tables,  and  when 
treated  with  potassic  hydrate  it  yields  potassium  dinitro-acetanitriU, 
C(N02)2K.CN,  with  nitric  acid  again  yields  trinitro-acetonitrile. 

The  formation  of  trinitro-aoetonitnles  from  ftdminuric  acid  would 
characterise  the  latter  as  a  dicarbon  compound ;  neither  its  constitution 
nor  molecular  weight,  however,  can  yet  be  settled. 

Trichlor-acetonitrile,  C2CI3.N  =  CCI3.CN,  is  formed  by  heating 
trichlor  acetamide  with  phosphoric  anhydride,  as  an  oil  of  i)enetrating 
odour,  boiling  at  83°-84°  and  of  sp.  gr.  1-439. 

CO— 
Compounds  of  the  Oxalic  Acid  Radical,    \ 

CO— 
CO.OH 

820.  Oxalic  Otddy    \  This  add  is  found   widely  distri- 

CO.OH 
buted  in  nature  in  the  form  of  salts — ^as  potassic  salt  in  the  juices 
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of  different  varietieB  of  OxaXis  and  Rumex,  as  sodium  salts  in  ScUsoia 
Salicomia,  The  calcium  salt  is  often  found  in  small  crystals  in 
plant  cells,  e.g.  rhubarb,  6ic. ;  in  the  urine  of  men  and  animals  it  also 
often  occurs,  sometimes  forming  concretions  in  the  bladder.  It  may 
be  obtained  artificially  by  the  action  of  dry  CO2  on  sodium  at 
350^-360° : 

CO.ONa 
2CO2  +  Naa  =     I 

CO.ONa 

by  the  decomposition  of  sodium  formate  by  heat : 

CO.ONa 
2H.CO.ONa  =  H2  + 


CO.ONa 

and  from  its  nitrile,  dicyanogen,  by  the  action  of  strong  acids  : 
CN  CO.OH 


+  4H2O  +  2HC1  =  2(NH4C1)  + 
CN  CO.OH 

It  is  most  readily  obtained  by  the  oxidation  of  many  organic  sub- 
stanoes — alcohol,  sugar,  glycollic  acid,  acetylene,  &c. : 

CH  CO.OH 

III      +20a=     I 

CH  CO.OH 

A  common  method  of  preparation  is  by  the  oxidation  of  sugar  by 
nitric  acid,  1  part  sugar  and  8  parts  nitric  acid,  sp.  gr.  1*38,  being 
heated  together ;  after  evaporating  the  excess  of  nitric  acid,  the  oxalic 
crystallises  out  and  may  be  purified  by  recrystallisation  from  water. 
On  the  large  scale  it  is  obtained  by  melting  some  cheap  form  of 
cellulose — e.g.  wood  shavings,  sawdust — with  a  mixture  of  caustic 
potash  and  soda.  On  treatment  of  the  fused  mass  with  a  little  cold 
water  sodic  oxalate  remains  for  the  most  part  undissolved. 

The  acid  crystallises  from  its  aqueous  solution  in  colourless  pnsms 
of  the  probable  formula : 

C(0H)3 


A 


(OH) 


3 


which  dissolve  in  9  parts  cold  water  and  2^  parts  of  alcohol,  and  are 
very  soluble  in  the  boiling  liquids.  The  crystals  lose  water  in  dry 
air,  or  at  a  temperature  of  100®,  and  then  have  the  composition 
H5C9O4.  It  sublimes  if  carefully  heated  to  150°  in  fine  white 
needles.  By  very  quickly  heating  complete  decomposition  may  be 
brought  about,  thus : 

HO.CO.CO.OH  =  CO2  +  HCO.OH  or  =  CO2  +  CO  +  H2O. 

The  latter  products  alone  result  when  it  is  heated  with  sulphuric 
acid.  With  glycerine  much  formic  acid  (§  567)  is  produced,  some  of 
the  glycerine  being  reduced  to  allylic  alcohol  (§  663).     Oxidising 
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agents  oonyert  it  into  carbonic  anhydride  and  water.     Phosphoric 
chloride  acts  as  shown  in  the  equation  : 

CO.OH 
Pa^  +     I  =  2HC1  +  POOI3  +  00  +  OOj 

CO.OH 

Fusing  caustic  alkalies  produce  carbonates. 

Nascent  hydrogen  from  zinc  and  sulphuric  add  reduces  oxalic 
acid  to  glycollic  and  glyoxylic  acids  : 


CO.OH  CHj.OH 

I  +  H2SO4  +  Zua  =  2ZnS04  +  H^O  +    I 

CO.OH  CO.OH 


821.  Oxalates, — Oxalic  acid  is  a  strong  dibasic  acid,  and  gives 
with  the  alkali  metals  neutral  and  acid  salts,  and  even  salts  with 
excess  of  acid  (§  575).  Most  of  the  other  metallic  salts  are  very  in- 
soluble, and  are  decomposed  by  strong  mineral  acids.  The  following 
selections  must  suffice  as  examples  of  the  very  numerous  oxalates 
known  : — 

Bipotassic  oxalate,  K2C204,OH2 ;  forms  monclinic  prisms  easily 
soluble.  Hydric  potassic  oxalcUe,  KHC204,OH2 ;  forms  rhombic 
pnsms  very  difficultly  soluble.  Potassic  quadroxaUUe,  KHC2O4, 
H2C204,2H20,  commonly  called  salts  of  soirel,  crystallises  in  anoi> 
thic  forms  and  dissolves  in  twenty  parts  water  at  20°.  Two  ammonic 
salts  are  known  isomorphic  with  the  potassic  salts.  Calcium  oxalate, 
CaC204.0H2,  or  with  3OH2,  is  obtained  as  a  white  amorphous  pre- 
cipitate quite  insoluble  in  water  and  acetic  acid.  In  the  cells  of  some 
plants  and  in  urinary  deposits  it,  however,  sometimes  forms  crystals 
belonging  to  the  rhombic  system.  Its  last  molecule  of  water  may  be 
expelled  at  200°.  The  oxalates  of  mercury  and  silver  are  also  white 
precipitates,  which,  when  dried  and  heated,  explode  very  violently, 
decomposing  into  metal  and  CO2. 

822.  Ethereal  Salts  of  OxaUc  Acid, — Neutral  and  a>cid  salts  are 
known.  The  neutml  are  best  obtained  by  long-continued  heating  of 
the  particular  alcohol  with  dried  oxalic  acid.  They  are  decomposed 
even  by  cold  water  into  the  alcohol  and  acid,  and  also  by  alkalies. 
On  heating  with  zinc  and  alkyl  iodides  they  yield  the  alkyl  salts  of 
tertiary  alcoholic  acids  (§  705,  8) ;  by  the  action  of  potassium,  the  salts 
of  carbonic  acid  (§  228). 

Dimethylic  oxalate,  (CH3)2C204,  prepared  by  distilling  equal  parts 
oxalic  acid,  methyl  alcohol,  and  sulphuric  acid,  forms  nacreous  crys- 
tals of  fusing  point  5F,  boiling  at  162°. 

Diethylic  oxalate,  (C2H5)2C2C^,  may  be  prepared  in  a  similar 
manner  to  the  above,  and  also  by  saturating  a  solution  of  oxalic  acid 
in  absolute  alcohol  with  HCl  gas  and  distilling.  It  is  a  mobile, 
colourless  liquid  of  faint  odour,  boiling  at  186°,  and  of  sp.  gr.  1*0824 
at  15°. 

Dipropyl  oxalate,  (CH3.CH2.CHj)2C204,  boils  at  209°-21 1°,  sp.  gr. 
1018. 

Diisohutyl  oxalate,  [(CH3)a  :  CH.CHa]2C204,  boils  at  224°-226°, 
sp.  gr.  =  1002. 

8alts  of  oxalic  add  of  the  form  (CnH2n  +  i)HC204  are  scarcely 

I  I 
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known  in  the  free  state.  They  deoompoee  with  great  rapidit j  in  con- 
tact with  water.  Their  potassic  salts  maj,  however,  be  obtainod  as 
crystalline  precipitates,  e.g.  potassic  ethylic  oxalate,  (C2H5)K.C204. 

823.  Potassic  ethylic  oxalate,  when  acted  upon  by  phosphor  oxj- 
chloride,  gives  ethyl-oxal  chloride ;  thus  : 

CO.O.CjH^  CO.O.CjH. 

I  +  POCl,  =  KPO3  +  KCl  +  2    I 

CO.OK  co.a 

a  liquid  boiling  at  140°,  of  sp.  gr.  1'216,  and  fuming  strongly  in  moist 
air.  Water  converts  it  into  oxalic  add  and  ethylic  chloride ;  with 
alcohol  it  forms  the  neutral  salt 

824.  Oxalyl  IHamides. — The  neutral  ethereal  salts  of  oxalic  acid 
are  veiy  easOy  converted  by  aqueous  ammonia  into  the  double  amide 
of  the  acid,  oxamidef  C^H4Nfi^  : 

CO.O.CjH,  CO.NH, 

I  +2NH,=  I  +2H0.C,H, 

CO.O.CjHj  CO.NH, 

The  same  body  also  results  from  the  action  of  aldehyde  on  an  aqueoua 
solution  of  C3ranogen : 

CN  CO.NH, 

I      +20H,=    I 

CN  CO.NH, 

also  by  the  oxidation  of  hydrocyanic  add  with  hydric  peroxide  : 

2HCN  +  H2O,  ==  C,0,(NH2),. 

Qxamide  is  a  white  powder  which  requires  about  10,000  times  its 
weight  of  cold  water  for  solution.  It  is  taken  up  more  freely  by  a 
hot  8atui*ated  solution  of  caldc  chloride,  from  which  it  crystallises  in 
needles  on  cooling.  It  sublimes  unchanged  on  careful  heating.  Heated 
with  water  to  200°,  it  is  converted  into  neutral  ammonic  oxalate. 

Alkyl  oxalates  are  converted  by  alkylamines  into  dialkyl 
oxamides. 

Dimethyl  oocamide,  C202(N.CH3.H)2,  crystallises  in  needles 
soluble  in  hot  water. 

Diethyl  oxamide,  C202(N.C2H5.H)2y  is  very  similar. 

825.  Acid  Amides, — By  heating  add  ammonic  oxalate  until 
carbonic  anhydride  begins  to  be  evolved  a  mixture  of  oxamtde  and 
oxamic  acid  is  left,  from  which  the  latter  can  be  extracted  by  water : 

CO.O.NH4  CO.NH2 

I  =s  OHj  +   I  (oxamic  add) 

CO.OH  CO.OH 

By  evaporating  its  solution  it  may  be  obtained  as  a  pulverulent  sub- 
stance of  add  reaction,  soluble  in  58  parts  of  water  at  18°.  It  melts 
at  173°  and  decomposes  at  the  same  time  into  water,  formic  add,  and 
oxamide.  It  reoombines,  when  boiled  with  water,  to  add  ammonic 
oxalate.  It  acts  towards  metals  as  a  monobadc  add  and  yields  crys- 
talline salts. 

Ethereal  oxamates  may  be  prepared  by  acting  on  neutral  ethereal 
salts  of  oxalic  add  with  alcoholic  ammonia  until  oxamide  begins  to 
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precipitate.  Ethyl-oxal  chloride  also  reacts  with  ammonia  to  form 
ethylic  oxamate  : 

CI.CO.CO.O.C2H5  +  NH3  =  NH4CI  4-  NH2.CO.CO.O.C2H5. 

Ethylic  oxaniaie  is  best  known.  It  crystallises  in  nacreons 
leaves,  soluble  in  water  and  alcohol,  and  converted  by  ammonia  into 
oxamide. 

Isomeric  with  these  ethereal  salts  are  the  aJhyl  oxamio  aoidSf 

C20a*Q^^°'^^"'+ 1^^,  which  result  from  heating  the  alkyl  ammonic 
salts  of  oxalic  acid  to  180°. 

Ethylroxamic    addy    ^^^^  OH  ^  '  ^^'^^^    six-sided    tables 

and  sublimes  in  fine  needles.     It  melts  at  120°. 

Ethylic  diethyl-oxamate,  CaOa'^  n  ti  *  *  ^  obtained  by  re- 
action between  ethylic  oxalate  and  diethylamine  (§  262)  as  a  liquid 
boiling  at  254°.  It  gives  a  soluble  salt  with  calcic  hydrate,  from 
which  the  free  acid  can  be  obtedned  by  precipitation  of  the  calcium 
with  oxalic  acid. 

826.  Urea  Derivatives, — ^Uric  add  stands  in  the  same  relation  to 
carbonic  acid  that  oxalic,  does  to 

CX).NH 
Parabanic  add,  yOO,  or  oxalyl  urea. 

This  body  is  obtained  by  oxidation  of  uric  add  by  warm  nitric  add, 
or  by  heating  uric  add  with  MnOs  and  sulphuric  add  or  with  potassic 
chlorate  and  hydrochloric  acid,  by  which  latter  oxidising  mixture  it 
may  also  be  obtained  from  guanine. 

Parabanic  add  forms  anhydrous,  broad,  colourless  prisms,  which 
dissolve  in  21  parts  of  water  at  8°. 

It  can  also  form  a  hydrate,  which  possibly  has  the  constitution : 


,(NH).C— OH 


CO 


(NH).C— OH 


This  hydrate  may  be  prepared  directly  by  the  action  of  phosphoric 
oxychloride  on  a  mixture  of  oxalic  add  and  urea,  according  to  the 
equation : 

^„        C(0H)3  .NH.C(OH). 

.JN  i±2      0(0H),  .NH.C(OH). 

+  3HC1  +  H3PO4. 

It  crystallises  in  compact  rhombic  prisms,  which  dissolve  in  7^  parts 
of  water  at  8°. 

Oxalyl  urea  is  not  a  true  add  although  it  forms  with  alcoholic 
potash  a  crystalline  metallic  derivative : 

.NH.CO 
00         I 
.NK.C0 
1 12 
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which  is  immediately  decomposed  by  water  into  a  salt  of  oxaluiic 
add. 

A  solution  of  parabanic  acid  gives  with  argentic  nitrate  solution, 
on  careful  addition  of  ammonia,  a  white  precipitate,  soluble  in  adds 
and  excess  of  ammonia,  of  diargento-oxalyl  urea : 

.NAg.CO 
CO  I 

.NAg.CO 

which  on  heating  with  methylic  iodide  forms  dimethyl  oxdlyl  urea^  or 
choleatrophane : 

.N(CH3).C0 
CO  I 

.N(CH3).C0 

crystalliBing  in  large  shining  rhombohedra.  It  dissolyes  in  three 
parts  cold  water  and  cannot  be  sublimed.  It  was  first  discovered 
amongst  the  oxidation  products  of  caffeine. 

On  treating  parabanic  acid  with  aqueous  alkalies  salts  of  oxaluric 
add,  isomeric  with  parabanic  hydrate,  are  produced. 

827.  OxoHuric  acid,  C3H4N3O4,  is  related  to  parabanic  add  in  the 
same  manner  that  hydantoic  add  is  to  hydantoin  (§  724).  Oxaluric 
acid,  or  ammonic  oxalurate,  is  most  readily  obtained  by  warming  a 
solution  of  parabanic  add  with  ammonia  : 

Co'         I      +  NH,  +  OHj  =  co-^^-^^-^^-^-^^* 
.NH.CO  '^^^ 

On  acidifying  with  a  mineral  add  the  oxaluric  acid  is  separated  as  a 
white,  difficultly  soluble  add  powder. 

The  ammonic  salt  is  found  in  small  amount  in  urine.  Silver 
solutions  yield  a  precipitate  of  argentic  axahirate :  C3H3AgN204, 
silky  needles  soluble  in  hot  water.  POCI3  warmed  with  oxaluric 
add  reproduces  parabanic  add. 

Ethylic  oxalurate  is  formed  by  the  reaction  at  ordinary  tempera- 
tures between  ethyl-oxal  chloride  (§  823)  and  urea : 

CaHj.O.CO.CO.Cl  +  NHa.CO.NHa  =  HCl 
+  CaH5.0.C0.C0.NH.C0.NHs. 

It  crystallises  in  silky  needles,  only  slightly  soluble  in  alcohol,  ether, 
or  water  in  the  cold.  It  melts  between  160°  and  170**  and  decom- 
poses according  to  the  equation : 

C0.NH.C0.NHa  CO.NHj 

3   1  =  3  I  +  C3N3H3O3 

CO.O.CjHj  CO.O.C2H5 

Cyannric  acid. 

On  heating  with  alcoholic  ammonia  to  1 00°  oxaluramide,  C3H5N3O3, 
a  white,  almost  insoluble  powder,  is  produced. 

828.  Oxalantine,  C6H4N405,OH2.  By  the  action  of  zinc  and 
HCl  on  an  aqueous  parabanic  add  solution  this  substance  is  pro- 
dncedi  which  probably  has  the  constitution : 
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CO.NH     CO.NH 

I 
CO 


io 


CO.N CH.NH 

AlkmicHn  probably  belongs  to  this  group  of  bodies.  It  will^  however, 
be  described  under  the  derivatives  of  uric  acid. 

Compotmda  of  the  Radical  CH.2'{(y=)^. 

CN 

829.  Cycmacetic  add,  OH^'p/^  qtt*     This  acid  is  produced  when 

5  parts  of  ethylic  monochlor  acetate  is  boiled  with  6  parts  of  potaasio 
cyanide  in  24  parts  of  water  until  the  smell  of  hydrocyanic  acid  ceases 
to  be  perceived : 

C1.CH3J.CO.O.C2H6  4-  2KCN  +  OHj  =  KCl  +  HO.CjHj  +  HON 

+  CN.CH2.CO.OK. 

The  solution  is  exactly  neutralised  with  sulphuric  acid  evaporated  to  a 
small  bulky  when  an  excess  of  strong  acid  is  added,  and  the  cyanaoetic 
add  extracted  by  shaking  out  with  ether.  The  add  is  further  puri- 
fied by  conversion  into  the  plumbic  salt,  and  decomposing  this  with 
hydric  sulphide.  Salts  of  this  add  are  all  soluble,  with  the  exception 
of  those  of  mercury  and  silver.  Cyanacetic  add  is  the  half-nitiile  of 
malouic  add,  into  which  it  is  easily  converted  by  boiling  with  alkali. 

830.  Malonic  add,  ^'^  a* GO  OH*     This  add  is  also  best  obtained 

pure  by  means  of  the  lead  salt  from  the  crude  product  obtained  by 
boiling  cyanacetic  add  with  alkalies.  It  may  also  be  obtained  by 
careful  oxidation  of  malic  add  by  potassic  dichromate  solution,  and 
from  ethylene  lactic  add. 

It  crystallises  in  large  plates,  easily  soluble  in  water  and  alcohol, 
of  melting  point  132°.  It  decomposes  on  heating  into  acetic  and  car- 
bonic  acids  * 

CHa :  (C0.0H)2  =  CH3.CO.OH  +  CO2, 

corresponding  to  the  decomposition  of  oxalic  add  into  carbonic  and 
formic  acids. 

The  alkali  salts  only  of  this  add  are  easily  soluble  in  water. 
The  baric  salt,  CH2:(CO.O)2Ba,H20,  crystallises  in  groups  of 
needles ;  the  caldc  salt,  of  similar  appearance,  is  extremely  difficultly 
soluble  in  water,  the  argentic  and  plumbic  salts  quite  insoluble. 

Barbituric  add,  or  malonyl  urea,  CH2:(CO.NH)2:CO,  will  be 
considered  under  the  derivatives  of  uric  acid. 

Compounds  of  the  Radical  C2H4 :  (0^)2. 

831.  The  hydrocarbon  radical,  C2H4 :  (C=)2,  exists  in  two  isomeric 

forms,  accordingly  as  the  group  C2H4  occurs  as  ethylene  or  ethylidene. 

CO  OH 
The  dibasic  add,  ^2^4  rir>*OH'   ^   termed  mcdnic   add,    and    ia 

known  in  two  forms,  ordinary  succinic  and  iso-succinic  acid. 

lao-sucdnic  or  ethylidene  dicarboxylie  add,  CH3.CH :  (CO.OH)29  is 
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obtained,  similarly  to  malonic  acid,  from  the  a-halogen  compounds  of 
propionic  acid  : 

CHj.CHBr.CO.OK  +  KCN  =  KBr  +  CH3.CH.CN 


i 


JO.OK 

Potaadc  cyano-propioiiate. 

This  latter  body,  which  has  not  yet  been  isolated  in  a  pure  state^  ia 
boiled  with  potassic  hydrate  untU  ammonia  ceases  to  be  evolved,  and 
the  acid  separated  from  the  potassic  salt  after  the  method  indicated 
for  malonic  acid. 

Iso-succinic  add  forms  colourless  crystals,  subliming  at  100^, 
melting  at  130°,  and  decomposing  at  150°  into  propionic  and  carbonic 
adds.  This  decomposition  is  determined  by  the  fact  that  both  CO.OH 
groups  are  combined  in  iso-succinic  as  in  malonic  acid  to  one  carbon 
atom.     It  may  therefore  be  termed  methyl  malonic  acid. 

The  salts  resemble  those  of  malonic  add.  It  dissolves  in  5  parts 
water  at  ordinary  temperature. 


Compounds  of  Ethylene  Dicarhon,  \ 

CH,.( 


832.  Ethylene  dicyamde^  or  ethylen  dicarbo-nitrile : 

CHa.CN 
C4H4Nj=   I 

CH2.CN 

is  obtained  by  heating  an  alcoholic  solution  of  ethylene  dibromide 
with  potassic  C3ranide.  It  is  a  crystalline  mass  melting  at  37°  and 
decomposing  when  heated. 

Nascent  hydrogen  converts  it  into  a  butylene  diamine  : 

CH.2.CiN  CH.2*Cxi2.r4xl2 

I  +  sH  =  T 

CH2.0N  CHa.0Ha.NH2 

It  gives  ordinary  succinic  add  on  saponification  with  alkalies. 

CH2.CO.OH 

833.  Siicoinic  acid^  ethylene  dicarhoxylio  acid,  \  ,     is 

CHa.CO.OH 
found  in  amber,  in  wormwood  and  mountain  ash  berries  (Sorhvs 
aucuparia),  and  in  many  animal  fluids.  It  is  a  regular  product  of 
the  alcoholic  fermentation  of  sugar  and  of  the  oxidation  of  fatty  adds 
of  high  molecular  weight.  It  is  also  formed  by  reduction  of  malic 
and  tartaric  acids,  either  by  hydriodic  acid  or  fermentation,  and  by 
the  action  of  nascent  hydrogen  in  maleic  and  fumaric  acids. 

Succinic  add  is  obtained  on  a  large  scale  by  the  distillation  of 
waste  amber  in  iron  retorts.  The  distillate  is  evaporated  and  boiled 
with  nitric  add  to  destroy  colouring  matters,  and  crystallised  from 
water. 

It  is  also  obtained  by  the  fermentation  of  malic  acid  in  alkaline 
solution  by  means  of  old  cheese.  The  mixtiu^e  of  crude  calcic  malate, 
old  cheese,  and  water  is  allowed  to  stand  for  some  days  at  30°  or  40°, 
after  which  the  predpitate  is  decomposed  with  sulphuric  add. 
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Succinic  acid  forms  colourless  monodinic  prisms,  soluble  in  17 
pai-ts  of  water  at  18**,  in  3  parts  at  100°.  It  begins  to  sublime  at 
120°,  and  melts  about  180°.  It  decomposes  into  anhydride  and  water 
at  235°. 

By  electrolysis  carbonic  acid,  hydrogen,  and  ethylene  are  produced. 
In  contact  with  uranium  salts  in  sunlight  it  splits  up  into  carbonic 
and  propionic  acids.  The  same  reaction  takes  place  when  it  is  fused 
with  alkalies. 

Succinates  of  the  alkalies  are  all  easily  soluble ;  salts  with  other 
metals  are  difBcultly  soluble  or  insoluble  in  water.  Calcic  suc- 
cinate is  somewhat  soluble,  and  may  be  obtained  in  crystals, 
C,H4:(CO.O)2Ca330H2. 

884.  Ethereal  Salts  of  Succinic  Acid, — Many  of  these  are  known. 
Those  of  the  monatomic  alcohols  are  best  obtained  by  warming  a 
mixture  of  the  add  and  alcohol  with  sulphuric  acid,  washing  with 

water,  and  rectification.     Ethylic  8U>ccinate^  ^s'^^V'O  O  O^H**  "*  * 

colourless,  pretty  mobile  liquid,  of  sp.  gr.  1*0718  at  0°  and  boiling 
point  217°.  It  does  not  dissolve  in  water,  but  is  slowly  decomposed 
by  it. 

CH2.CO. 

835.  Sucdmc  anlit/dride,  \  O,  is  prepared  by  repeated  distil- 

CHa.CO. 
lation  of  succinic  acid  alone,  but  better  with  phosphoric  chloride : 

CHa.OO.OH  CH,.CO. 

I  +  PCI5  =  POCI3  +  2HC1  +  I  •         O 

CHa.CO.OH  CH2.CO. 

It  forms  colourless  crystals,  melting  at  120°,  boiling  at  250°.  Boiling 
water  slowly  reconverts  it  into  succinic  acid. 

CHa.CO.Cl 

836.  Succinyl  dichloride,  I  .     By  heating  one  molecule 

CHa.CO.Cl 
of  succinic  acid  with  two  of  phosphoric  chloride  a  liquid  of  suffocating 
odour  is  produced,  of  sp.  gr.  1*39,  which  fumes  strongly  in  moist  air, 
boiling  at  190^,  and  solidifies  at  0°  to  tabular  crystals.     Water  de- 
composes it  into  the  succinic  acid. 

837.  On    agitating    ethylic    sucdnate  with    aqueous    ammonia 

CH,.CO.NHj 
colourless  needles  of  atuscinamide,  I  ,  separate.     They  are 

CH2.CO.NHa 
difficultly  soluble  in  water,  alcohol,  and  ether.     On  carefully  heating 
to  200°  it  is  decomposed  into  ammonia  and  succinimide : 

CH4.CO. 
I  NH 

CHj.CO. 

The  same  body  also  results  from  heating  succinic  anhydride  in  dry 
ammonia  gas  and  by  the  distillation  of  ammonic  succinate.  It  dis- 
solves in  water  and  alcohol,  and  crystallL^es  from  the  former  with  one 
molecule  of  water  in  rhombic  tabular  crystals,  meltiog  at  125°-126° 
and  boiling  at  287^-288°.     It  also  sublimes  in  colourless  needles. 
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On    heating    its   solution    with   argentic  nitrate  and  ammonia 

CHj.CO. 
argentic  stAOcinimide  is  formed,  |  NAg,  which,  with  ezoess  of 

CHj.CO. 

CH,.CO.NHj 
ammonia,  gives  argentic  auccinamide,  I 

OH,.CO.NAgH 
Sucdnimide  gives  with  Ba(0H)3  a  baric  salt,  from  which  sulphario 

CH,.CO.NHj 
add  liherates  auccinamic  acid,   \  ,  which  is  veiy  difficult 

CH,.CO.OH 
to  crystallise  and  easily  reacts  with  water  to  form  acid  ammonic  suc- 
cinate. 

If  argentic  sucdnimide  be  treated  with  an  ethereal  solution  of 
succinyl  chloride,  argentic  chloride  separates,  and  the  liquid  on  evapor- 
ation yields  colourless  prisms  of  trieuccindiamine : 

2CaH,(C0)a  :NAg  +  C  A(COCl),  =  CsH,(C0)5/     +  2AgCl 

Succinuric  acid,  corresponding  to  oxaluric  add  (§  827),  is  formed 
on  heating  equal  molecules  of  succinic  anhydride  and  urea  to  120^ : 

CHj.CO.  CHj.CO.OH 

I  O  +  NHa.CO.NHj  =  I 

CHa.CO.  CH,.CO.NH.CO.NHj 

It  forms  colourless  scaly  crystals,  melting  with  decomposition  at  203^. 

Compounds  of  the  Radical  C3H6(C^)2. 

838.  Only  dibasic  adds  and  some  other  diad  derivatives  belong- 
ing to  this  hydrocarbon  residue  are  known ;  they  are — 

1.  Propane  a-dicarhoxylic  or  gltUaric  add  : 

CHj.(CO.OH) 

CH,.CH,.CO.OH 

which  may  be  obtained  from  dibromo-propane,  CHQ.Br.CHj'^Ss-^y 
and  by  the  decompodtion  with  alcoholic  potash  of  the  product  of  the 
action  of  ethylic  sod-aceto-acetate  on  ethylic  a-iodo-propionate. 

The  acid  forms  broad  four-dded  prisms,  melting  at  98°.  It  distils 
if  rapidly  heated  at  about  290°;  when  slowly  heated  there  is  a  partial 
production  of  anhydride. 

2.  EthylmaUmic  acid,  CH3.CHj.CH:(CO.OH)2,  by  treating 
ethylic  n-brombutyrate  (§  747)  with  alcoholic  potacEdc  cyanide  and 
subsequent  saponification  of  the  crude  nitrile  (see  malonic  acid).  It 
forms  small  rhombic  prisms,  melting  at  112°,  and  decomposes  at  160° 
into  CO2  and  butyric  add. 

Its  (»ldum  salt,  C5H6Ca04,H20,  is  more  soluble  in  cold  than  in 
hot  water.  The  copper  salt,  C5HgCu04,3H20,  forms  fine  blue  tables. 
The  plumbic  salt  is  very  insoluble. 
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3.  Fyrotartaric  ctcid,  or  methyl  succinic  acid  : 

CH3.CH.OO.OH 

I 
CH2^.C0.0H 

is  prepared  by  heating  tartaric  acid  with  strong  HCl  to  180°,  or  by 
mixing  it  with  sand  or  pumice  and  heating,  whereby  the  formation 
of  pyrosuocinic  acid  is  avoided  (§  803).  It  is  also  obtained  by  the 
action  of  heat  on  aceto-formic  and  glyceric  acids;  by  the  action  of 
nascent  hydrogen  on  citraconic,  itaconic,  and  mesaconic  acids ;  by 
the  saponification  of  dicyano-propane,  CH3.CH(CN).CH2(CN),  from 
allyl  iodide ;  from  ethylic  aceto-methyl  succinate  and  alcoholic  potash ; 
and  by  fusing  gamboge  with  potash. 

It  forms  rhombic  piisms  melting  at  112°  ;  on  rapidly  heating  and 
distilling  it  is  resolved  into  water  and  methyl  succinic  anhydride,  a 
liquid  boiling  at  245°.     Its  salts  are  mostly  crystalline  and  insoluble. 

4.  Diinethyl-maUmic  acid,  (0113)20  :(C0.0H)2,  prepared  from 
dimethyl  brom-acetic  acid  (brom-isobutyric).  It  forms  four-sided 
prisms,  much  less  soluble  in  water  or  alcohol  than  the  isomeric  adds, 
sublimes  about  120°,  and  melts  at  170°.  It  is  very  stable  agaipst 
oxidation. 

Higher  Homologues, 

839.  The  acids,  with  the  exception  of  rocellic,  are  also  obtainable 
by  the  oxidation  of  the  higher  fatty  acids  by  means  of  nitric  acid,  and 
several  have  also  been  synthesised  by  the  aid  of  ethylic  aoeto-acetate 
derivatives. 

Of  acids  of  the  formula  O6H10O4  there  are  known — 

OH2.OH2.OO.OH 

1.  AdipiCyOddy  \  ,    Ls   most  readily  obtained  by 

OH2.OH2.OO.OH 
heating  glycerine  a-iodo-propionic  acid  (§  744)  with  finely  divided 
silver  to  150° : 

2I.O3H4O.OH  4-  Ag2  =  Agjla  +  06H802(OH)2. 

An  isomeric  acid  is  simultaneously  formed.  Adipic  add  may  be  crys- 
tallised from  water  in  fine  piisms,  which  melt  at  148°.  Its  ammonic 
salt  forms  very  beautiful  rhombic  plates. 

2.  Dimethyl  succinic  acid  ia  prepared  by  heating  a-brom-propionic 
acid  with  molecular  silver : 

CHs.OH.OG.OH 
2OH3.OHBr.OO.OH  +  Ag2  =  AgjBra  +  I 

OH3.CH.OO.OH 

and  by  decomposing  ethylic  aceto-dimethyl  succinate  with  potash. 
It  is  crystalline  and  melts  at  166°. 

3.  Methyl-propyl  a-dicarboxylic  acid : 

OH3.OH.OO.OH 

I 
OH2.OH2.OO.OH 

is  obtained  by  decomposing  the  product  of  the  action  of  ethylic  a-iodo- 
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propionate  on  ethylic  sod-methyl  aceto-aoetate  with  potassic  hydrate. 
It  melts  at  76°. 

C2H5.CHj.CO.OH 

4.  Ethylsuccinic  cundf  |  ,   prepared  hy  deoom- 

CHa.CO.OH 
posing  ethylic  ^-aceto-ethyl  succinate  with  potaah,  melts  at  98°. 

5.  hopropyl  maiUmic  acid,  OH*^^^*^^*rO  OH'  P'^P*^'^  from 
ethylic  isopropyl  malonate,  crystallises  in  prisms,  melting  at  83°. 

6.  Ethyl-Tnethyl  malonic  acid,  plr  *^C  pr) "qtti  nielts  at  118°. 

The  two  last  adds  split  up  on  heating  into  the  corresponding  iso- 
propyl acetic  and  ethyl-methyl  acetic  acids  and  carbonic  acid. 

FerUane  Dicarhoxylic  Acids. 

840.  1.  Pimelic  acid,  C7H12O4.  An  add  of  this  formula  is  obtained 
by  fusing  camphoric  add  with  potassic  hydrate.  It  forms  transparent 
triclinic  crystals,  melting  at  114°.  On  dry  distillation  it  gives  a 
liquid  anhydride,  C7H10O3,  and  water.  Its  calcic  salt  is  very  charac- 
teristic, being  precipitated  when  caldc  chloride  is  added  to  an  am- 
moniacal  solution  of  the  add  and  the  mixture  heated. 

CH2.CO.OH 

2.  An  isomeric  acid,  probably  (CH2)8  ,  prepared  by  oxidis- 

OHj.CO.OH 
ing  suberone  with  nitric  acid,  and  by  heating  furonic  add,  C7Hg03, 
with  HI,  melts  at  103°. 

3.  Diethyl  malonic  acid,  (C2Ha)2C:(CO.OH)8,  melts  at  102°. 

Hexane  Dicarhoxylic  Acida,  C8H14O4. 

841.  1.  Svheric  acid  is  obtained  by  long  boiling  of  cork  with  con- 
centrated nitric  acid,  or  better  from  castor  oil  by  saponification.  It 
crystallises  in  long  needles  or  plates,  soluble  in  hot  water,  melts  at 
140°,  and  sublimes  with  partial  decompodtion  between  150°  and  160°. 
By  heating  with  baric  hydrate  it  gives  normal  hexane,  C5H14. 

(CH3)2:C.CO.OH 
2.  Tetramethyl  succinic  acid,  \  ,  obtained  by  heat- 

(CH3)2:C.CO.OH 
ing  ethylic  brom-isobutyrate  with  molecular  silver,  forms  small  quad- 
ratic crystals,  fusing  at  95°. 

Adds,  CgHi504. 

842.  1.  Azelaic  acid,  lepargylic  or  anchoic  acid,  is  obtained  by  oxi- 
dation of  cork  and  many  fatty  substances ;  it  is  Uie  chief  product  of 
the  oxidation  of  castor  oil,  and  is  also  formed  on  oxidation  of  stearolic 
acid.  It  forms  lustrous  plates  or  flat  needles  soluble  in  400  parts  cold 
water,  easily  soluble  in  hot  water,  alcohol,  and  ether ;  melts  at  106°. 
Heated  with  baric  hydrate,  it  gives  normal  heptane,  C7H16. 

2.  Another  acid,  probably  an  isomer,  is  produced  when  butyro- 
furonic  add  is  heated  with  hydriodic  acid.     It  melts  at  118°. 
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843.  Sebacic  acidf  aebic  acid,  C|oHig04,  formed  by  the  dry  dis- 
tillation of  oleic  add  (§  800)  and  by  heating  castor  oil  with  sodic 
hydrate ;  crystallisefi  from  water  in  colourless  shining  plates,  dissolving 
in  1,500  parts  water  at  10^  melting  at  127''. 

It  yields  octane  by  distillation  with  baric  hydrate. 

844.  Brassylic  cund,  Ci  1H20O4,  prepared  by  oxidation  of  behenoUo 
add,  forms  scaly  crystals,  difficulty  soluble  in  hot  water  and  melting 
at  109°. 

RoceUic  cicidf  C17H33O4,  obtained  from  Leccmora  tartarea  and 
Bocella  tvnctoria^  forms  colourless  prisms,  melting  at  132°. 

Hydrocarbons,  CnH2n-4. 

845.  VcUyleT^y  C^H^,,  prepared  from  isovalerylen  dibromide 
(§  769)  by  boiling  with  alcoholic  potash,  is  a  liquid  of  alliaceous 
odour,  boiling  at  50°.  Like  some  other  unsaturated  hydrocarbons 
containing  a  C^  group,  it  gives  yellow  predpitates  with  ammoniacal 
copper  and  silver  solutions  (§§  752  and  759).  From  its  method  of 
production  the  constitution  is  probably 

^2^>C.C :  CH. 

When  carefully  treated  with  bromine  in  a  cooling  mixture,  a  crystal- 
line valylene  hexabramide,  CsHeBr^,  along  wi^  a  liquid  bromide, 
Ci^^Br^f  is  obtained. 

Carpene,  C9H]4,  is  obtained  by  distilling  caldc  podocarpate.  It  is 
a  mobile  liquid,  boiling  at  155°  and  giving  bromine  derivatives, 
CgHisBr  and  CgHisBrg.  It  resinifies  on  exposure  to  air  and  re- 
sembles the  terpenes  in  several  respects. 

Derivatives  op  the  Hexavalent  Alcohol  Radicals,  CnH2n-4. 

848.  In  the  hexhydric  alcohols,  CnHan  -  4(OH)6,  the  six  hydroxyl 
groups  are  united  to  six  different  carbon  atoms,  so  tliat  there  must  be 
at  least  a  hexacarbon  nucleus.  So  far  only  derivatives  of  isomeric 
radicals,  CgHg,  are  known. 

Marmite^  C6Hg(OH)6. 

847.  Mannite  is  vexy  widely  dii><seminated  in  the  vegetable 
kingdom.  It  occurs  in  the  leaves  of  Syriiigia  vulgaris  and  Ligtutrum 
vulgare,  in  numerous  bulbs,  as  in  those  of  Cydameii  europaeum  and 
celery,  in  fungi  and  sea- weeds,  in  the  sap  of  the  larch,  the  bark  of 
Canella  alba,  the  exuded  sap  of  apple  and  cheiiy  trees,  limes,  &c.  It 
occurs  in  large  quantity  in  the  sap  of  Fraxinua  Omus,  which  in  the 
dry  state  forms  commercial  manna.  It  is  prepared  artificially  from 
grape  sugar  by  the  action  of  the  hydrogen  evolved  by  sodium  amalgam, 
or  by  reducing  fermentations,  as  in  the  so-called  mucous  and  butyric 
fermentations  of  sugar. 

It  is  most  readily  obtained  from  manna.  This  is  dissolved  in  half 
its  weight  of  boiling  water,  some  albumin  added  in  order  to  clarify  it, 
and  filtered  through  a  thick  cloth.  The  mass  which  solidifies  on 
cooling  is  pressed  and  obtained  colourless  by  repeated  fine  division  in 
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water  and  pressing.  Mannite  can  also  be  obtained  pure  by  exttudang 
nutnna.  with  hot  alcohol  and  crystallisation  of  the  solution. 

Mannite  crystallises  from  aJcohol  in  fine  silky  needles,  &om  water 
in  large,  transparent,  rhombic  prisms.  It  dissolyes  in  65  parts 
of  water  at  16°,  very  readily  at  100°.  It  is  difficultly  soluble  in  cold, 
readily  in  boiling  alcohol,  insoluble  in  ether.  Its  taste  is  intensely 
sweet;  its  melting  point  is  above  160°.  With  metallic  oxides  it 
yields  compounds  in  which  a  part  of  the  hydroxylic  hydrogen  atoms 
have  been  replaced  by  metals  (comp.  glycerin,  §  676). 

On  keeping  a  solution  of  mannite  mixed  with  chalk  and  putrid 
cheese  at  a  temperature  not  exceeding  40°,  a  fermentation  occurs,  in 
which  lactic,  butyric,  and  acetic  acids  and  some  alcohol  are  formed. 
By  gentle  oxidation,  as  by  the  standing  of  an  aqueous  solution  with 
platinum  black,  it  is  ibrst  converted  into  a  feimentable  sugar, 
mannilose,  C6H8(OH)6  +  O  =  HaO  +  C6H7(OH)50,  closely  re- 
sembling fruit  sugar,  and  from  which,  by  further  addition  of  oxygen, 
mannitic  acidy  CqHisOy,  is  obtained.  This  latter  yields  saccharic  acid 
on  boiling  with  nitric  acid,  as  also  does  mannite. 

On  heating  mannite  with  concentrated  hydriodic  acid,  secondary 
normal  hexylic  iodide  is  formed  (§195).  It  follows  from  this  that 
mannite  must  be  considered  as  a  derivative  of  normal  hexane,  and  has 
the  structural  formula : 

CH,(OH).CH(OH).CH(OH).CH(OH).CH(CH).CHj(OH). 

848.  Haloid  Derivatives  of  Mannite, — By  heating  mannite  to 
100°  with  a  large  excess  of  concentrated  hydrochloric  or  hydrobromic 
acid,  two  hydroxyl  groups  are  replaced  by  halogen  atoms.  There  are 
thus  formed  dihaloid  tetrahydrates  of  the  mannite  radical  (mannyl), 
which  can  be  obtained  in  crystals  by  evaporation  of  the  solution  under 
a  bell  jar,  in  which  are  placed  vessels  containing  potassic  hydrate 
and  sulphuric  acid. 

Marmite  dichlor-hydrin,  C6H8Cl2(OH)4,  forms  long  colourless 
plates  melting  with  evolution  of  hydrochloric  acid  at  174° ;  they 
dissolve  in  water,  but  are  nearly  or  quite  insoluble  in  alcohol  or  ether. 

Mannite  dibrom-hydriii,  CgHgBr  2(011)4,  isvery  similar  to  the  fore- 
going, but  is  insoluble  in  water  and  melts  with  decomposition  at  178°. 

849.  Mannite  Salts. — As  a  hexavalent  alcohol  mannite  reacts  with 
strong  mineral  acids  and  the  anhydrides  of  organic  acids,  yielding 
salts  of  mannite,  of  which  only  few  have  been  prepared  in  a  state  of 
purity. 

Mannite  nitrate,  CfiHgNgOig  =  CgH8(O.N02)6>  nitro-mannite,  or 
mannyl  liexanitrate,  is  obtained  by  dissolving  mannite  in  cold  con- 
centrated nitric  acid,  and  separates  in  crystals  on  addition  of  concen- 
trated sulphuric  acid  : 

C6H8(OH)6  +  6H0.]Sr0a  +  6H2SO4  =  C6H8(O.N02)6  +  6H4SO5. 

This  body  is  insoluble  in  cold  water,  but  is  readily  dissolved  by 
boiling  alcohol  and  by  ether,  and  separates  from  these  solvents  in  fine 
silky  needles,  which  melt  at  108°.  It  bums  with  detonation  at  120° 
and  explodes  violently  under  a  short  powerful  blow : 

C^U^((mO^)^  =  6CO2  +  4H2O  +  3No  +  O2. 

MamniU  sulphuric  acid,  C6H8(OH)3(O.S02.0H)3(?),  is  a  hydric 
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basic  mannyl  sulphate.  It  is  pi-epared  by  dissolving  mannitein  strong 
sulphuric  acid,  and  is  separated  in  similar  manner  to  ethysulphuric 
acid  (§  216),  glycol,  and  glycerin  sulphuric  acids  (§§  518  and  690).  As 
a  strong  acid  it  can  exchange  three  atoms  of  hydrogen  for  metal,  and 
yields  readily  soluble,  difficultly  crystallisable  salts  : 

C6H8(OH)3(O.S02.0M)3. 

The  free  acid  is  decomposed  by  water  into  dilute  sulphuric  acid  and 
mannite. 

Salts  of  organic  acids  cannot  be  prepared,  as  in  the  case  of 
glycerin,  by  heating  mannite  with  organic  acids,  as  at  the  same  time 
water  is  eliminated  with  formation  of  mannitan  salts.  Normal 
organic  salts  of  mannite  are  obtained  by  long  heating  of  mannite  with 
the  anhydrides  of  organic  acids ;   thei'e  is  thus  obtained,  e.g. : 

CgHaCOH)^  +  6(C2H30)20  =  6HO.C2H3O  +  C6H8(O.C2H30)6, 

Mannyl  Acetate, — This  crystallises  in  white  granules,  which  are 
little  soluble  in  cold  water,  more  readily  in  boiling  water  and  alcohol, 
and  melt  at  about  100°. 

860.  Mannitan,  G^^^^r^  :=  C6Hg(OH)40,  or  mannyl-oxide  tetra- 
hydi-ate,  is  prepared  from  mannite  with  direct  elimination  of  a  mole- 
cule of  water  by  heating  to  200°,  and  is  also  formed  by  long  boiling 
with  concentrated  hydrochloric  acid.  Mannitan  is  a  scarcely  liquid 
syrup  of  strongly  sweet  taste,  which  is  miscible  with  water  and 
alcohol,  insoluble  in  ether.  By  long  contact  with  water,  as  by  stand- 
ing in  moist  air,  or  more  quickly  by  boiling  with  bar3rta  water,  it 
takes  up  a  molecule  of  water  and  is  reconverted  into  mannite. 

Halogen  derivatives  of  mannitan  are  formed  from  the  mannyl 
dihaloid  tetrahydrates  by  boiling  with  water  ;  e.g. 

C6HgCl2(OH)4  =  HCl  +  C6H80(0H)3C1. 

In  addition  to  mannitan  chhrhi/drin,  the  corresponding  mannitan 
dihromhydrin,  C6Hg.O(OH3)Br,  is  also  known.  Both  are  crystalline 
bodies  soluble  in  water,  which  molt  below  100°  and  are  converted 
into  mannitan  on  long  boiling  with  water : 

C6H80(0H)3C1  +  H2O  =  HCl  +  C6H8(OH)40. 

In  the  prepaitition  of  mannitan  from  mannite,  by  long  boiling  with 
hydrochloric  acid,  this  chloride  is  without  doubt  formed  as  an  inter- 
mediate product. 

Salts  of  mannitan  with  organic  acids  are  formed  by  the  long 
heating  of  the  latter  with  mannite  at  200°-250°.  The  first  products 
are  diacid  salts,  from  which,  by  similar  treatment,  the  normal  tetra- 
acid  salts  are  obtained.  The  following  are  some  of  the  salts  prepared  : — 

Mannitan  diacetate,  C(jH80(O.C2H30)2(OH)2,  the  dihutyratej 
C6H80(O.C4H70)2(OH)2,  and  tetrahutyrate,  C6H80(O.C4H70)4,  all 
three  liquids  soluble  in  ether.  Palmitates  and  stearates  have  also 
been  obtained  as  fatty  masses. 

851.  Dulcite,  or  'nielampyritejGQ\\xA^^^=^^^^9{^^)%9  occurs  in 
tho  sap  of  numerous  plants,  such  as  Melampyrum  nemorosum,  Scro- 
phularid,  nodosa,  Evonymus  europaeus^  &c.  It  occurs  in  largest 
quantity  in  the  so-caUed  dulcit  manna  from  Madagascar,  prepared 
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&om  plants  not  yet  determined,  and  is  obtained  therefrom  by  crystal- 
lisation from  a  hot  aqueous  solution. 

Synthetically  dulcite  has  been  obtained  by  addition  of  hydrogen 
to  lactose,  by  treatment  of  a  solution  of  the  latter  with  sodiom 
amalgam. 

Dulcite  crystallises  in  large  monodinic  prisms,  melting  at  188^— 
190°,  which  require  38  parts  of  water  at  14°  for  solution.  It  is  but 
little  soluble  in  alcohol.  By  ozidaticm  with  nitric  add  it  yields 
mucic  acid.  The  chemical  behaviour  of  duldte  is  very  similar  to  that 
of  mannite. 

By  heating  with  hydrochloric  or  hydrobromic  acids  it  gives 
dihcUind  tetrahydrateSy  crystallising  in  plates,  which  are  but  Httle 
soluble  in  water,  and  of  which  C5H9Cls(OH)4  melts  with  decomposi- 
tion at  180°. 

With  nitric  and  sulphuric  acids  dulcite  yields  nitrodulcUey 
C(,H8(O.N02)6.  By  heating  to  180°  with  four  times  its  weight 'of 
acetic  anhycMde  it  gives  the  hexctcettUe,  C6Hg(O.C2H30)5,  crystallis- 
ing in  small  brittle  plates,  melting  at  171°.  Heated  to  solution  with 
1^  part  of  acetic  anhydride  and  some  glacial  acetic  acid,  dulcite 
yields  scales  of  a  diacetate,  C6H8(OH)2(O.C2H30)2,  melting  at  176° ; 
with  acetic  add  only  it  gives  the  dulcUan  aaUa : 

C6H80(OH)2(O.C,H30)„ 

as  an  oily  liquid,  and  CeHgO(O.C2H30)4  as  a  very  bitter,  resinous 
mass.  By  heating  the  latter  with  a  molecule  of  acetic  anhydride  it 
is  transformed  into  the  hexacetate  of  dulcite. 

Ohlor-acetyl  converts  dulcite  into  the  crystalline  pentaoetate 
chloride,  C6H8C1(0.C2H30)3,  converted  by  water  into 

CeH8(OH)(O.C2H30)5, 

crystallising  in  needles  of  melting  point  165°. 

852.  A  third  isomeric  of  mannite,  sorbite,  CgHisOg,  occurs  in  the 
berries  of  the  mountain  ash  {Sorhua  aucuparia),  and  is  found,  as  it  is 
not  fermentable,  in  the  wine  prepared  from  these  by  fermentation.  It 
forms  crystals  containing  ^  molecule  of  water.  In  the  dry  state  it 
mdt8atllO°-lll°. 

laomerides  of  Mcmnitan, 

863.  Crystalline  bodies  isomeric  with  mannitan  are  found  in 
several  plants ;  their  constitution  must,  however,  be  different,  as  no 
union  with  water  and  conversion  into  compounds  of  the  mannite 
formula  has  been  observed. 

Finite,  CgHisOs,  occurs  in  the  exudations  of  the  Californian  pine 
Pinua  lawherticma.  It  forms  hard,  warty  crystal  masses  of  in- 
tensely sweet  taste,  which  melt  at  150°  and  whose  ^ution  rotates 
the  plane  of  polarisation  to  the  right. 

laodtUcite,  05Hi305,HsO,is  obtained,  together  with  quercetin,  by 
boiling  querdtrin  with  dilute  mineral  adds.  It  forms  large  trans- 
parent crystals,  which  are  readily  soluble,  and  melt  at  105°-110° 
with  loss  of  their  water  of  crystallisation. 
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Monobasic  Acids  of  the  Series  CnH3n_402. 

854.  Adds  of  this  series,  CnHjn  ..5O.OH  or  Cn'Han'-  3.CO.OH,  are 
mostly  prepared  by  the  action  of  excess  of  alcoholic  potassic  hydrate 
on  the  halogen  addition  products  of  the  members  of  the  acryl  oleic 
acid  series : 

Cn'Hj„..  iBrjCO.OH  +  3K0H  =  2KBr  +  SH^O 

or,  what  comes  to  essentially  the  same  thing,  on  the  first  halogen 
substitution  products  of  those  adds  : 

Cn'Han-aBr.CO.OH  -f  2K0H  =  KBr  +  2HjO  +  C„.H  j,», .  j.CO.OK. 

In  the  carbon  residue  united  to  CO.OH  either  double  union  of 
neighbouring  carbon  atoms  occurs  twice,  or  else  one  triple  union 
occurs,  so  that  the  acids  can  unite  directly  with  four  atoms  of 
halogen. 

By  action  of  nitric  acid  the  higher  members  of  the  series  similarly 
unite  with  two  atoms  of  oxygen,  and  3rield  monobasic  adds  of  the 
formula  CnH2ii-404,  which  further  3rield  first  half-aldehydes  and 
later  acids  of  the  succinic  series,  whose  carbon  contents  is  equal  to  half 
that  of  the  acid  CnHan  -  4O4 : 

855.  Tetrolic  acid,  C4H4O2  or  C3H3CO.OH.     Either 

CH3.C ;  C.CO.OH 

or  CHj  :  C  :  CH.CO.OH  is  formed  by  heating  chlor  a-crotonic  acid 
with  alcoholic  potassic  hydrate  on  the  water  bath,  and  is  obtained 
from  the  potassic  salt  first  formed  : 

CH3.CCI :  CH.CO.OK  +  KOH  =  KCl  +  H jO  +  C3H3.CO.OK, 

by  addition  of  sulphuric  add,  and  extracted  from  the  aqueous  solution 
by  shaking  with  other,  and  also  by  the  action  of  carbonic  anhydride 
on  sodium  allylene,  OH3.C  •  CNa.  It  crystallises  in  rhombic  tables, 
deliquescing  in  air,  is  also  soluble  in  alcohol  and  ether,  and  melts  at 
76-5°  and  boUs  at  203°. 

856.  Sarbie  acid,  CgHgOa  =  C5H7.CO.OH,  is  obtained  from  the 
juice  of  unripe  berries  of  the  mountain  ash  by  distillation,  and  passes 
over  with  the  vapour  of  water  as  a  yellow  oil.     This  oil,  on  heating 
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with  solid  potaasic  hydrate  and  acidulation,  or  by  long  boiUng  with 
strong  hydrochloric  acid,  yields  solid  sorbic  acid.  It  crystallises  in 
long  colourless  needles,  very  difficultly  soluble  in  cold,  more  readily  in 
hot  water  and  in  alcohol,  and  melts  at  134:'5°.  Although  not  distill- 
able  unchanged  alone  it  passes  over  in  the  vapour  of  water.  Its 
baric  salt,  (C5H7.CO.O)2Ba,  crystallises  in  silvery  scales,  which  are 
readily  soluble. 

Ethylic  aorhaUf  C5H7CO.O.C2H5,  prepared  by  saturating  the 
alcoholic  solution  of  the  acid  with  hydrochloric  acid,  is  an  oil  of 
aromatic  odour  boiling  at  195*5°. 

Sorbic  acid  unites  with  nascent  hydrogen,  forming  hydrosorbicacid 
(§  798,  2),  with  bromine,  according  to  the  quantity  of  the  latter, 
either  to  form  the  dibromide,  C5H7Br2.CO.OH,  crystallising  in 
small  brilliant  plates  and  melting  at  94^-95°,  or  the  tetrabromide, 
C5H7Br4.CO.OH,  or  tetrahrom-hexylic  acid,  which  is  difficultly 
soluble  in  water,  melts  at  183°,  and  yields  salts  with  the  alkalies, 
barium,  calcium,  and  zinc,  which  mostly  crystallise  in  brilliant  plates 
and  decompose  on  boiling. 

867.  Palmitolic  cicid,  C16H28O2  =  C15H27CO.OH,  is  obtained  by 
heating  hypogacic  acid  and  gaidic  acid  dibromides  (§  799)  witii 
alcoholic  pota^sic  hydrate,  and  decomposition  of  the  aqueous  solutions 
of  the  potassic  salt  formed  by  mineral  acids.  It  crystallises  from 
alcohol  and  ether  in  fine  silky  needles,  insoluble  in  water,  melting  at 
42°,  and  combining  directly  with  bromine  to  form  the  bromides 
Ci6H28Br302  and  Ci6H2gBr402. 

Fuming  nitric  acid  converts  palmitolic  acid  into  palmitoxylic  acid, 
C15H27O2CO.OH,  crystallising  in  plates  and  melting  at  67°,  and 
further  oxidises  the  latter  with  resolution  into  suberic  aldehydic 
acid,  CgHj^Oa  (§  782),  and  suberic  acid,  C8H14O4  (§  841). 

Stearolw  add,  C18H32O2  =  C|7H3,.CO.OH,  is  obtained  from  the 
dibromides  of  oIbIc  and  elaidic  acids  in  long  colourless  prisms,  melting 
at  48°,  which  are  little  soluble  in  cold  alcohol.  It  volatilises  without 
decomposition.  Its  salts  are  mostly  crystalline,  those  of  the  alkalies 
having  the  properties  of  soaps.  It  does  not  unite  with  nascent 
hydrogen,  but  gives  with  bromine  a  liquid  dibromide  : 

Ci8H3,Br20.0H, 

and  a  crystalline  tetrabromide,  C,8H3iBr40.0H,  which  melts  at  70°. 
Nitric  acid  converts  stearolic  acid  into  stearoxylic  ctcid : 

CjgH3204  :^  C17H3jO2.CO.OH. 

This  crystallises  in  brilliant  plates,  melting  at  86°.  Further  action  of 
the  oxidising  agent  converts  it,  with  decomposition  of  the  molecule, 
into  azela-aldehydic  acid,  CgHigOs,  and  azelaic  acid,  09111^04. 

Behenolic  acid,  C22H40O2  =  C21H39.CO.OH,  obtained  by  action  of 
alcoholic  potassic  hydrate  on  erucic  acid  dibromide  at  150^  and  on 
braj»ic  acid  dibromide  at  210°-220°.  It  cr>^stallises  from  alcohol  in 
tufts  of  needles,  melting  at  57*5°,  and  gives  crystalline  bromides  with 
two  and  four  atoms  of  bromine.  Concentrated  nitric  acid  converts 
it  into  behenoxi/lic  acid,  C21H39O2.CO.OH,  brilliant  plates  melting 
at  90°-91°,  brassy lo-aldehydic  acid,  CnHaoOa,  and  brassylic  acid. 
V/11H20O2. 
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Debivatives  of  the  Eadicals  of  Dibasic  Hydroxy-Acids. 

858.  The  compounds  of  this  series  are  mostly  dibasic  acids,  which 
ai*e  derived  fi*om  the  acids  of  the  series  Cn'H2n.(C0.0H)j  by  substitu- 
tion of  halogen,  hydi-oxyl,  <fcc.,  for  a  hydrogen  atom.  The  hydroxyl 
derivatives,  CnHjn'-  i(0U)(C0.0H)2,  therefore,  bearthe same  relation 
to  these  dibasic  acids  as  that  of  the  glycollic  to  the  fatty  acids. 

Tartronic  Acid,  C3H4O5  =  CH(OH)(CO.OH)j. 

869.  Tartronic  or  hydroxy-mcdonic  add  was  first  obtained  by 
evaporating  an  aqueous  solution  of  diniti'O- tartaric  acid  : 

CH(0.N02).C0.0H  CO.OH 

I  =C02  +  N20a+    I 

CH(0.N02).C0.0H  CH(OH).CO.OH 

it  is  also  formed  by  the  action  of  nascent  hydrogen  on  mesozalic  add : 

<^o;ca§S  +  2H  =  CH(OH);gg:gH 

and  by  the  oxidation  of  grape  sugar  by  an  alkaline  copper  solution. 
It  crystallises  in  large  colourless  prisms,  melting  at  180°,  with  evolu- 
tion of  water  and  carbonic  anhydride,  and  leaving  an  amorphous 
residue  of  glycollide  (§  713)  : 

CH(OH).CO.OH  CHjw 

I  =  CO2  +  H2O  +  I       >0 

CO.OH  CO  / 

860.  Chloral  cyanhydrin  is  a  derivative  of  the  same  carbon 
nucleus ;  it  is  obtained  by  the  action  of  hydrocyanic  add  on  chloral 
hydrate  : 

CCl3.CH(OH)2  +  HCN  =  H2O  +  CCl3.GH(0H).C]Sr. 

It  crystallises  in  colourless  prisms,  melting  between  60°  and  61°,  and 
is  decomposed  by  alkalies  into  chloroform  and  metallic  formate*  and 
cyanide. 

TricJdor-lactic  dculy  CCl3.CH(0H).C0.0H,  obtained  by  the  action 
of  aqueous  acids  on  chloral  cyanhydrin,  is  another  derivative  of  the 
same  carbon  nudeus ;  it  is  crystalline  and  melts  between  105°  and 
1 10°.     Its  salts  readily  decompose  into  formates  and  chloral : 

CCl3.CH(0H).C0.0Na  =  CCI3.CHO  +  CHO.ONa. 

Ethylic  trichlor-lactate  forms  plates  melting  between  66°  and  67°. 

Malu:  Acid,  C^HgOs  =  C2H3(OH)(CO.OH)2. 

861.  Three  isomeric  acids  are  possible  of  this  formula : 

I     '■      *  , CH3.C(0H)-^g-gg , and  CH2(0H)CH-^ggg 

CH(OH).CO.OH  .i^u.uil  .bU.UU 

So  f?r  only  two  are  known,  which,  however,  appear  not  to  be  struc- 
tural but  physical  isomers.     One  of  them,  natural  malic  acid,  rotates 
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the  plane  of  polarisation  to  the  right,  whilst  the  artificial  is  optical  Ij 
inactive.  Both  of  them  arc  convei'ted  into  ordinary  succinic  acid  by 
heating  with  hydriodic  acid,  and  miust,  therefore,  correspond  to  the 
first  of  the  three  formuke  above  given. 

Natural  or  optically  active  malic  acid  occurs  very  widely  diiaie- 
minated  in  the  v^etable  juices,  in  the  free  state  in  sour  apples,  unripe 
grapes,  and  especially  in  quinces  and  unripe  mountain  a^  berries. 

It  is  best  prepared  from  the  boiled  and  filtei-ed  juice  of  the  latter, 
which  is  then  nearly  satunited  with  milk  of  lime,  so  that  it  only 
possesses  a  feebly  acid  reaction.     On  continued  boiling  calcic  malate, 

C2H j(OH)'.  ,Q'X>Ca,H20,  precipitates  as  a  nearly  insoluble  crystal- 
line powder.  This  is  then  added  as  long  as  it  still  dissolves  to  nitric 
acid  diluted  with  ten  times  its  weight  of  water.  On  cooling  large 
brilliant,  tninsparent  crystals,  difficultly  soluble  in  water,  of  hydric 

calcic  malate, I  C2H8(OH)*pq'q j2Ca,8H20,  separate ;  these  are  dis- 
solved in  hot  water  and  precipitated  with  plumbic  acetate.  The 
washed,  insoluble  plumbic  salt,  C2H3(OH)(CO.O)2Fb,  is  then  sus- 
pended in  water,  decomposed  by  hydric  sulphide,  and  the  filtered  liquid 
evaporated. 

Malic  acid  crystallises  only  difficultly  in  cauliflower-like  aggr^pates, 
which  deliquesce  in  add.  It  melts  at  below  100^  and  decomposes  at 
150^,  or  on  long  boiling  with  hydrochloric  acid,  into  water  and 
fumaric  acid  : 

02H3(OH)(CO.OH)2  =  H2O  +  CaH2(CO.OH)2. 

Phosphoric  chloride  converts  it  into  fumaric  dichloride,  C2H2(C0.C1)2. 
Its  aqueous  solution  rotates  the  plane  of  a  polarised  beam  of  light 
somewhat  to  the  left  (specif,  rotation  =  —  5°).     By   heating  with 
hydrobromic  acid  it  is  converted  into  brom-succinic  acid  : 

CaH3(OH)(CO.OH)2  +  HBr  =  H,0  +  C2H3Br(OO.OH)2 ; 

with  strong  hydriodic  acid  it  yields  ordinary  succinic  acid : 

C2H3(OH)(CO.OH)a  +  2m  =  II3O  +  I2  +  C2H4:(CO.OH)2. 

Chromic  acid  converts  malic  acid  into  nialonic  acid  (§  830) ;  putrefac- 
tion ferments  convert  it  into  carbonic  anhydride,  acetic  succinic 
(§  833)  and  butyric  acids.  Fusing  with  potassic  hydrate  deoompo^»c6 
it  into  acetate  and  oxalate  : 

CH(OH)CO.OK 

I  +  KOH  =  OHj.CO.OK  +  KO.CO.CO.OK  +  Hj. 

CH2.CO.OK 

The  alkaline  malates  are  readily  soluble,  all  others  difficultly 
soluble;  all  are  crystalline. 

Diethylic  nuUate,  C2H3(OII) :  (CO.O.C2H5)2,  is  obtained  by  satur- 
ating an  alcoholic  solution  of  malic  acid  with  hydrochloric  acid.  The 
liquid,  after  standing  for  a  long  time,  is  neutralised  with  sodic  hydrate 
and  shaken  with  ether.  On  eva])oration  of  the  solution  dictliylic 
malate  is  obtained  as  a  liquid  soluble  in  alcohol,  ether,  and  also  in 
water,  the  latter  soon  decomposing  it  into  alcohol  and  malic  acid. 
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On  mixing  it  with  acctylic  chloride  a  violent  reaction  occurs,  in 
which  there  is  formed  : 

CaH3(OH)(CO.O.C2H5)  +  CI.C2H3O  =  HCl 
+  C2H3(0.0,H30)(CO.O.CaH5)j, 

Diethylic  acetyl  raalatey  a  liquid  boiling  at  258*^,  insoluble  in  water, 
saponified  by  alkalies  into  ethylic  alcohol  and  a  malate  and  an  acetate. 

Alcoholic  ammonia  converts  diethylic  malate  into  nialamide, 
CaH3(0H):(C0.N  112)2,  which  separates  in  anhydrous  crystals  on 
evaporation. 

Aspai*agine  and  aspartic  acid  are  most  important  derivatives  of 
malic  acid. 

862.  Aspara^iney  C4H8N2O3,  occurs  in  the  juices  of  many  plants, 
especially  in  such  piirts  as  have  been  formed  in  the  dark.  It  occurs 
largely  in  asparagus  shoots,  in  the  roots  of  AltJiaea  and  Scorzonera, 
also  in  the  shoots  evolved  in  the  dark  by  leguminosse. 

To  prepare  it  young  shoots  of  vetch,  grown  in  the  dark,  ait) 
strongly  pressed,  the  filtered  juice  boiled  to  remove  albuminoids,  and 
the  filtered  liquid  evaporated  to  a  syrup.  On  long  standing  aspara- 
gine  separates,  and  is  purified  by  repeated  crystallisation  &x)m  hot 
water,  being  at  first  also  heated  with  animal  charcoal. 

It  forms  hard,  colourless,  four-sided,  rhombic  prisms  of  the  formula 
C4HgN 203,1120.  It  is  difficultly  soluble  in  cold  water,  scarcely  in 
alcohol ;  it  decomposes  at  higher  temperatures  without  volatilisation. 
It  rotates  the  plane  of  polarisation  to  the  left. 

Asparagine  is  isomeric  with  malamide;  it  behavee  as  though 
an  amide  of  the  alcohol  group  of  malic  acid,  and  also  as  an  amic  acid ; 
its  structural  formula  is  therefore : 

CO.NH2  CO.NH2 


C2H3.NHa  or  C2H3.NH3.O.CO 

I       /\  J  I 

CO.O       H       CO.O.NII3 .  C2H3.CO.NH2 

It  yields  with  adds  and  bases  compounds  like  those  of  glycocine  (comp. 
§  718),  and,  like  that  body,  unites  with  copper,  «kc.  (§  719).     It  is 
readily  decomposed  on  boiling  with  adds  or  bases,  yielding 
863.  Aspartic  add,  O4H7NO4  =  C2H3(NH2):(CO.OH)a : 

CO.NH2  CO.OK 


C2H3.NH2  +  2K0H  =  C2H3(NHa)  +  H3O  +  NH, 

CO.O      H  CO.OK 

Aspartic  acid  occurs  in  sugar  molasses,  and  in  the  product  of 
decomposition  of  albuminoids,  by  boiling  with  sulphuric  add  or  by 
heatiug  with  bromine  and  water  or  zincic  chloride.  It  ciystallises  in 
colourless  rhombic  prisms,  which  are  scii-cely  soluble  in  alcohol  and 
refjuii-e  364  parts  of  water  at  11°  for  solution.  It  rotates  the  plane 
of  ix)larisation  to  the  right. 

A  spill-tic  add  stands  to  malic  add  in  the  same  relation  as  glycodne 
t )  glycollic  acid,  and  in  consequence  yields  salt«  with  both  acids  and 
alkalies. 

KK  2 
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i-»« 


H0.C0.CH.NH,C1 
Atpartie  add  hydroddorid^,  ,  cryistalluseB  in 

HO.CO.CH, 

rhomlMC  pri8iiu>,  whose  solaticm  is  dextrorotarj  and  has  a  stronglj  add 


Towards  metallic  carbonates  aspartk  add  beha^-es  as  a  monobasic 
acid : 

CO.O      H  CO.O      H 

\/  \/ 

2C,H,.NH,  +  Na,CO,  =  00,  +  H,0  +  2C,H,.NHj 

I  I 

CO.OH  CO.ONa 


From  strong  basic  hydrates  it  takes  two  equivalents  of  metal  and 
jields  salts  of  alkaline  reaction : 

OO.O      H  OO.OXa 

I       \/  I 

C,H,.NH,  +  2NaOH  =  2H,0  +  C,H,.NH, 

i  I 

CO.OH  CO.ONa 

from  which  carbonic  anhydride  removes  half  the  metal.     All   the 
metallic  salts  are  dextrorotary. 

Nitrous  acid  converts  aspartic  acid  into  opticaUy  active  malic  add  : 

C,H,(NH2):  (CO.OH),  +  HO.NO  =  HjO  +  N, 
+  C,H3(0H):(00.0H),. 

864.  Optically  inactive  malic  add  can  be  prepared  from  succinic 
add  and  from  optically  active  malic  add. 

On  heating  succinic  add  with  a  molecule  of  bromine  and  15  times 
its  weight  of  water  to  150°  in  sealed  glass  tubes,  manobram-mccinic 
add  is  formed : 


CH,.CO.OH  CHBr.CO.OH 

+  Br,  =  HBr  +    | 

H,.CO.OH  CH,.CO.OH 


i 


crystallising  in  needles,  soluble  in  five  times  their  weight  of  water, 
and  converted  on  boUing  with  ai^gentic  oxide  or  alkalies  into  inactive 
malic  add  or  hydroxy-suodnic  add. 

The  acid  ammonic  salt  of  optically  active  malic  add  loses  water 
when  heated  to  180^-200°,  and  is  converted  into  a  white  powder, 
which  on  long  boiling  with  hydrochloric  add  goes  slowly  into  solution 
as  aspartic  add  hydrochloride.  This  latter  is  then  evaporated  to 
drjmess,  to  remove  exoeHs  of  hydrochloric  add,  dissolved  in  water,  one 
half  oi  the  solution  neutralised  with  ammonia  and  the  other  half  then 
added,  when  optically  inactive  aspartic  add  is  predpitated : 


00.0     H       CO.OH  CO.O      H 

I      \/  I  I       \/ 

C,H,.NH,  +  C,H3.NH,a  =  NH^Cl  +  2  C,H,.NH, 

I  i 

K0NH4      CO.OH  CO.OH 


00. 
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The  previous  conversion  of  amnionic  malate  is  represented  by  the 
equation : 

CO.ONH4  CO.O       H 

I  I       \/ 

C2H3.OH  =  HjO  +  C2H3.NH2 


CO.OH  CO.OH 

The  optically  inactive  aspartic  acid  resembles  the  active  completely, 
but  is  somewhat  more  soluble  in  water  (in  208  parts  at  15°).  Similar 
inconsiderable  differences  are  shown  in  the  corresponding  derivatives. 
Nitrous  acid  converts  inactive  aspartic  into  inactive  malic  acid,  whose 
properties  and  reactions  agree  in  all  essentials  with  those  of  the 
natural  acid. 

865.  Svlphcm-succinic  acidf  C2H8(S020H)(CO.OH)2,  is  obtained 
by  bringing  together  sulphuric  anhy<£ide  and  ethylene  succinic  acid : 

SO2.OH 
Cirj.CO.OH  I 

I  +  SO3  =  CH2.CO.OH 

CHa.CO.OH  I 

OHj.CO.OH 

and  by  long  heating  of  fumario  or  maleic  adds  with  alkaline 
sulphites : 

C,H2:(C0.0H)a  +  K.SO2.OK  =  C2H3(S02.0K) :  ^  q§ 
It  Ls  a  tribasic  acid,  is  readily  soluble,  and  crystallises  indistinctly. 

Acids  of  the  Formula  C^Ufi^, 

866.  1 .  Hydroxy-pyrotartaric  Acid^, — Tliree  isomeric  acids  of  this 
formula  have  been  prepared  from  the  three  isomeric  pyrocitric  acids 
(itaconic,  citraconic,  and  mesaconic  acids). 

a.  Itamalic  Acid. — On  heating  with  strong  hydrochloric  acid, 
itaconic  acid  unites  with  a  molecule  of  HOI  and  yields  itamano- 
chlor-pyrotartaric  add : 

C3H4  :  (C0.0H)2  4-  HCl  =  C3H5CI :  (CO.OH)^, 

which  forms  crystals  melting  between  140°  and  145°.  On  boiling  with 
water  or  alkalies  it  yields  itamcUic  acid  : 

C3H5Cl:(CO.OH)2  +  H^O  =  HCl  +  C3H5(OH)  :(CO.OH)a. 

The  latter  crystallises  in  long  deliquescent  needles,  soluble  in 
alcohol  and  ether,  melts  between  60°  and  65°,  and  at  higher  tem- 
peratui*es  loses  a  molecule  of  water  and  is  reconverted  into  itaoonic 
acid. 

Paraconic  acid  may  be  regarded  as  the  ethereal  anhydride  of 
itamalic  acid.  It  is  obtained  together  with  that  body  by  heating 
itachlor-pyrotartaric  add  with  water : 

CO.OH  CO — O 

I      / 
J3H4CI  =  HCl  +  C3H5 

I  I 

CO.OH  CO.OH 


k 
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and  cin  be  obtained  in  the  form  of  the  calcic  aalt  solnble  in  akx^iol. 
It  Is  crystal  line,  melts  at  70"^.  and  i^  readily  soIaMe  in  water.  It 
unites  with  hydrobromic  acid,  forming  itabrom-pyrotart^mc  add,  and 
18  converted  into  itamalic  aciil  by  strong  bases. 

6.  Citramalic  Acid. — Citraconic  aod  nnites  with  hydrochloric 
add,  forming  eiiracAlor'pt/rotartai'ie  acitl,  CjH.-jC^CO.OH),,  which 
readily  decompoeei — mere  warming  of  its  aqneoos  solution  sufficing — 
into  hydrochloric  and  mesaconic  acids,  azid  firom  which  citramalic 
add  cannot  be  prepared ;  but  this  can  be  obtained  from  the  addition 
product  of  hypochlorous  and  dtraconic  adds,  ekUyr-eitramaiie  acid  : 

CjH^  :(CO.OH),  +  ClOH  =  CaH^C^OH)  :(C0.0H)4, 
when  its  aqoeous  solution  is  heated  with  zldc  : 

2C,H^C1(0H)  :(CO.OH).,  +  Zn,  =  ZnO, 
+  2C,H4(OH) :  (CO.O)^  +  H^. 

Citramalic  add  is  dibasic,  amorphous,  and  deliquescent. 

c.  Mesanutlie  Acid, — Mesaconic  add  giyea  with  hydrochloric 
add  the  crystalline  mesachlor  pyrotartaric  add,  which  melts  at 
129''-130^,  and  on  boiling  with  water  decomposes  into  meaamalic 
and  hydrochloric  adds.  Meaamalic  add  is  deliquescent  and  melts 
at60^ 

All  three  acids  are  hydroxyl  derivatives  of  pyrotartaric  add,  into 
whidi  they  can  be  conTwted  by  heating  with  hydriodic  add. 

2.  Glyceryl  hydrate  dicafi>onic  acid,  erroneously  termed  oxypyro- 
tartaric  add,  is  prepared  from  dichlcn^iydrin.  By  heating  this  latter 
with  aloc^ol  and  potassic  cyanide,  dicyanhydrin  is  formed,  which  on 
boiling  with  potassic  hydrate  yields  ammonia  and  potassic  glyceryl 
hydrate  dicarbonate : 

CH,.CN  CH,.CO.OK 

I  I 

CH.OH  +  2H0K  +  2H,0  =  2NH,  +  CH.OH 


CH,.CN  CH,.CO.OK 

The  free  add  forms  colourless  crystals,  melting  at  135°  and  soluble 
in  water,  alcohol,  and  ether. 

3.  ffydroxy-^lutarie  ^citi.— Many  protein  bodies  on  decomposition 
yield,  in  addition  to  leudne,  tyrosine,  and  aspartic  add,  also  a  homo- 
logue  of  the  latter,  glutamic  acid  : 

CjH^O^  =  C3H5(NH,):(CO.OH)^ 

which  forms  rhombic  p^Tamids,  difficultly  soluble  in  water,  and  which 
on  treatment  with  nitrous  add  yields  bydroxy-glataric  acid. 

This  latter  has  only  been  obtained  in  the  form  of  a  scarcely  crys- 
tallisable  syrup,  and  forms  amorphous  salts.  Hydriodic  add  converts 
it  into  glutaric  add  (§  838,  3).  The  constitution  of  this  compound 
is  entirely  unknown. 

4.  Methyl  hydroasy-mcdnic  acid : 

CH3.qOH)(CO.OH).CHj.CO.OH, 
is  prepared  by  heating  etbyb'c  aceto-acetate  with  half  its  weight  of 
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hydrocyanic  acid  at  100°,  and  then  digesting  with  hydrochloric  acid. 
It  cr^'stallises  in  deliquescent  needles. 

867.  Probably  diaterebic  acid,  C7II  j  2O5,  and  terehic  acid,  C7H10O4, 
belong  to  this  gi-oup.  The  first  is  only  known  in  the  form  of  salts, 
the  latter  in  the  free  state  also. 

To  prepare  terebic  acid,  oil  of  turpentine  is  warmed  to  80°  with  four 
parts  of  nitric  acid  of  sp.  gr.  1'25.  As  soon  as  the  first  violent  action 
has  ceased  the  resulting  mass  is  heated  on  the  water  bath  for 
twenty-four  hours,  with  frequent  addition  of  small  quantities  of  nitric 
acid  of  sp.  gr.  1'4.  The  liquid,  evaporated  to  a  third  of  its  volume, 
is  then  mixed  with  much  water,  filtered  if  necessary,  and  evaporated 
to  crystallisation.  Hydric  ammonic  oxalate  crystallises  out  with  the 
terebic  acid,  from  which  the  latter  can  \ye  separated  by  recrystallisation 
from  hot  water. 

Terebic  acid  forms  small,  brilliant,  colourless  prisms,  which  dis- 
solve in  about  100  parts  of  cold  water,  more  readily  in  alcohol  and 
boiling  water.  It  melts  at  175°,  sublimes  below  that  temperature, 
decomposes  on  greater  heating  into  carbonic  anhydride  and  pyroterebic 
acid  (§  798,  3). 

With  carbonates  it  yields  monobasic  terehates,  C7H9MO4,  which 
are  mostly  soluble  in  water.  Strong  bases,  on  the  other  hand,  give  the 
dibasic,  mostly  difficultly  soluble  and  more  crystallisable,  salt  of  dia- 
terebic  acid : 

C7H9KO4  +  KOH  =  C7H10K2O5, 

which  on  treatment  with  carbonic  anhydride  lose  half  their  metal 
and  are  reconverted  into  terebates. 

These  reactions  and  the  decomposition  suffered  by  terebic  acid 
on  heating  render  the  following  constitutional  formulse  probable  : 

nrr 


CHo  CHo  O 


CH.CO.OH  OH 

I 


-0=0 


OO.OH  OO.OH 

Diaterebic  acid.  Terebic  acid. 

Their  relations  to  one  another  are  the  same  as  those  of  itamalic  and 
paraconic  acids. 

The  Group  op  *  Oabbo-Hydrates.' 

868.  The  compounds  belonging  to  this  family  contain  either  six 
or  some  whole  multiple  of  six  carbon  atoms,  and  twice  as  many  hy- 
drogen as  oxygen  atoms.  They  are  amongst  the  most  important 
physiological  compounds,  generally  forming  the  principal  part  of  the 
organic  matter  of  the  vegetable  organism,  and  also  occur  largely  in  the 
animal  body. 

Tlie  very  numerous  members  correspond  almost  without  exception 
to  one  of  the  formulae  OgHijOg,  O12H22O11,  and  CgHioOj,  and  stand 
to  one  another  in  very  simple  genetic  relations. 

The  compounds  corresponding  to  both  the  last  expressions  must  be 
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expressed  as  anhydrides  of  those  of  the  first,  and  as  a  matter  of  fiust 
are  converted  into  them  by  action  of  ferments  or  by  boiling  with 
adds,  water  being  combined  : 

C13H32O11  +  H^Os- 2CeHi20fi 
and 

(CeHioOs)^  +  «HaO  =  nCeHiaOe- 

Although  80  far  not  a  single  one  of  these  bodies  has  been  prepared 
synthetically,  nor  the  molecular  weight  yet  been  determined  with 
certainty  in  a  single  case,  yet  something  is  known  of  the  constitution 
of  these  bodies.  They  have,  without  exception,  the  properties  of  poly- 
hydric  alcohols,  and  some  of  them  in  addition  behave  like  aldehydes, 
llie  compounds  CgHiaO^  and  O12H23O11  are  soluble  in  water,  have  a 
sweet  taste,  and  are  termed  sugars,  whilst  a  part  of  those  having  the 
atomic  proportion  CgHioOs  cannot  be  dissolved  unchanged  by  any 
liquid. 

The  Sugars,  C^H-x^O^.     Glucoses. 

889.  The  most  widely  disseminated  and  most  important  sugars  of 
this  group  are  the  first  aldehydes  of  the  mannite  bodies,  C6H|40g 
(§  846  and  following),  and  can  be  converted  into  those  hexhydric 
alcohols  by  the  action  of  nascent  hydrogen.  As  aldehydes  they  reduce 
the  oxides  of  the  noble  metals,  as  also  cupric  oxide  when  free  alkali  is 
present.  In  addition  they  behave  as  pentahydiic  alcohols,  i.e.  can 
exchange  five  hydrogen  atoms  for  acid  ludicals,  forming  true  salts, 
also  can  exchange  some  of  these  hydrogen  atoms  for  metal,  which, 
however,  is  again  removed  by  carbonic  anhydride.  Several  of  them 
are  so  decomposed  by  yeast,  when  in  aqueous  solution,  that  the  main 
products  are  ethylic  alcohol  and  carbonic  anhydride.  Their  constitu- 
tion can  bo  expressed  by  the  formula  C5H6(OH)5.CH :  O.  That 
the  group  C5Hft(OH)5,  even  if  each  hydroxyl  group  be  united 
to  a  different  carbon  atom,  can  have  varied  constitutions,  and 
therefore  is  the  cause  of  true  isomerism,  requires  no  further 
proof.  The  number  of  possible  isomers  would  be  still  further 
increased  if,  as  with  the  single  aldehydes  of  the  formula  CnHsnO, 
polymerisations  also  occurred,  and  physical  isomerism  may  also  occur. 

There  still  remains  the  further  possibility  of  the  existence  of 
hexhydric  alcohols  of  the  formula  CgHiaOg  =  C6H6(OH)6,  in  wha«!e 
carbon  nuclei  there  must  occur  either  one  divalent  union  of  neigh- 
bouring carbon  atoms  or  the  nucleus  must  be  closed  to  a  ring.  Such 
bodies  ai-e,  so  far,  not  known  with  certainty,  but  it  is  quite  possible 
that  certain  sugars  which  lack  the  properties  of  aldehydes,  and  also 
are  incapable  of  fermentation,  may  belong  to  the  category. 

C,H,(0H)5 
Grape  Sugar,  Glucose  or  Dextrose,  \ 

CH:0 

870.  Dextrose  occurs  in  most  sweet- tasting  fruits,  such  as  grapes, 
figs,  cherries,  plums,  Ac,  often  together  with  the  isomeric  fruit  sugar. 
It  can  be  obtained  from  these  fruits  by  boiling  and  filtering  the  juice, 
evaporating  to  a  syrup,  when,  on  standing,  it  crystallises  after  a  time 
in  warty  masses,  and  can  be    purified    by  crystallisation  from  hot 
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alcohol.  Dextrose  occurs,  together  with  laevulose,  in  honey,  in  small 
quantity  in  healthy  blood  and  urine,  and  at  times  lai'gely  pathologically 
in  the  latter  (especially  in  cases  of  dtabetea).  It  also  is  found  in 
small  quantity  in  the  liver  when  examined  quickly  after  death ;  after 
the  lapse  of  a  little  time  it  is  found  in  large  quantity,  as  the  result 
of  post-  moi*tem  changes  in  the  glycogen  contained  in  the  liver.  It  is 
further  obtained  by  the  action  of  certain  ferments  or  hot  dilute  adds 
on  certain  of  the  carbo-hydrates  of  the  formulae  C12H22O11  (e.g.  from 
cane  sugar  together  with  Isevulose)  and  CgHioOj  (cellulose,  starch, 
dextrin),  by  combination  of  water,  and  by  similar  action  from  numer- 
ous organic  bodies  which  are  ethereal  or  saline  compounds  of  dextrose 
and  are  termed  glucosides  (e.g.  salidne,  phloridzine,  amygdaline,  <fec.) 
On  the  large  scale  it  is  generally  prepared  by  adding  10  pai*ts  of 
starch  in  portions  to  a  boiling  mixture  of  1  part  of  Sulphuric  add 
and  20  parts  of  water ;  after  boiling  for  sevei'al  hours  the  add  is  neu- 
tralised with  calcic  carbonate,  the  solution  freed  from  the  separated 
caldc  sulphate,  decolourised  by  animal  charcoal,  and  the  syrup  evapo- 
rated. This,  on  cooling,  then  solidifies  to  an  indistinctly  crystalline 
mass  of  grape  sugar.  Starch  can  also  be  converted  into  dextrose  by 
the  action  of  the  diastase  of  malt.  To  obtain  it  pui'e  it  must  be 
finally  crystallised  from  alcohol. 

From  aqueous  solution  dextrose  separates  in  colourless  granular 
masses  of  the  formula  O^^fi^^Ylfiy  fi*om  strong  alcohol,  anhydrous 
in  fine  needles,  which  unite  to  wart-like  masses. 

They  first  lose  their  water  of  crystallisation  on  slow  heating  below 
80° ;  on  quick  heating  to  this  temperature  they  melt,  and  an  amorphous 
hygroscopic  mass  is  obtained,  which  is  slowly  reconverted  into  crystals 
on  exposure  to  moist  air. 

Dry  dextrose  dissolves  in  1^  part  of  cold  water,  50  parts  of  85  % 
alcohol  at  ordinary  tempenituroH,  but  only  about  5  parts  at  the  boiling 
point. 

All  solutions  of  dextrose  rotite  the  plane  of  polarisation  strongly 
to  the  right ;  the  specific  rot:vtory  power  of  freshly  prepared  solutions 
of  both  crystalline  forms  and  of  that  diied  without  fusion  =  104°.  On 
keeping  this  diminishes  slowly  by  Veiling  quickly  until  it  becomes 
constant  at  [a]  =  56°.  This  latter  rotary  j>ower  is  also  that  of  a 
freshly  prepared  solution  of  amorphous  grape  sugar  i-endered  anhydrous 
by  fusion,  and  of  such  as  occui's  in  aqueous  solution  (therefore  of  that 
in  urine). 

By  long  heating  to  170°  dry  dextrose  loses  a  molecule  of  water 
and  is  tmnsformed  into  glucoaane,  CgHioOg,  an  amorphous  mass  of 
scarcely  sweet  taste,  which  stands  to  dextrose  as  mannitan  does  to 
inuunitp,  and  similarly  can  be  reconverted  into  doxti^ose  by  slow  ad- 
dition of  water,  especially  by  boiling  with  dilute  mineral  acids. 

The  noble  metals  are  precipitated  in  the  metallic  state  from  all 
their  solutions' by  dextrose,  mercury  even  being  precipitated  from 
nuacuric  cyanide.  Cupric  solutions  are  also  reduced  in  the  prasenoe 
of  fi-ee  alkali.  This  latter  i-eaction  occurs  slowly  in  the  cold,  very 
quickly  on  heating,  and  in  the  latter  case  give§  pure  anhydrous 
cuprous  oxide.  In  the  pi^esence  of  free  alkali  basic  blsmuthous  nitrate 
Ls  also  reduced. 

The  i^uction  of  cupric  salts  is  employed  in  a  very  useful  volume- 
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trie  method  for  the  eetimation  of  dextrose,  one  molecule  of  the  latter 
in  presence  of  much  water  causing  the  reduction  of  five  molecules  of 
cupric  salt  to  cuprous  oxide. 

The  copper  is  employed  in  the  form  of  *  Fehling^s  aolutionJ  This 
is  prepared  by  dissolving  34*64  grams  of  pure  crystallised  cupric  sul- 
phate in  about  100  grams  of  water,  mixed  with  a  solution  of  200  grams 
of  potassic  sodic  tartrate  in  600  cc.  of  sodic  hydrate  solution  of  1*12 
sp.  gr.,  and  the  whole  made  up  to  1,000  cc.  by  addition  of  water. 
10  cc.  of  this  solution  will  require  for  complete  reduction  -05  gram  of 
dextrose.  After  the  reaction  the  stilts  of  tartronic  and  several  other 
organic  acids  are  found  in  solution. 

In  presence  of  free  alkalies  dextrose  can  be  oxidised  by  exposure 
to  air ;  in  absence  of  air  an  alkaline  solution,  on  heating,  turns  brown, 
and  after  a  time  deposits  humus-like  bodies. 

The  decompositions  of  grape  sugar  in  aqueous  solution  by  yeast, 
chiefly  into  alcohol  and  carbonic  anhydride,  and  by  putrefaction  ferments 
into  lactic  and  later  into  butyric  acids,  with  simultaneous  formation  of 
mannite,  have  been  already  mentioned  at  the  respective  places.  Under 
other  circumstances,  at  present  not  known  with  certainty,  the  so-called 
mucovs  fermerUatimi  occurs,  whose  chief  products  are  a  gummy  body, 
lactic  acid  and  mannite. 

Mannite  is  also  formed  from  dextrose  by  nascent  hydrogen  evolved 
with  sodium  amalgam.  From  this  it  is  very  probable,  though  not 
certain,  that  dextrose  may  be  expressed  by  the  fbrmula  : 

CH2(0H).CH(0H).CH(0H).CH(0H).CH(0H).CH:0. 

The  first  oxidation  products  of  dextrose  are  gluconic  and  saccharic 
acids. 

871.  Dextrose  Salts. — Anhydrous  dextrose  dissolves  slowly  and 
without  coloration  in  IJ  time  its  weight  of  concentrated  sulphuric 
acid,  and  yields  thereby  a  basic  hydric  sulphate  con*e8ponding  in 
geneml  to  glycerine  sulphuric  acid.  The  formula  of  this  dextrose 
sulphuric  a<nd  is  not  known,  as,  on  account  of  its  ready  decomposability 
by  water  into  dextrose  and  sulphuric  acid,  it  can  scarcely  be  prepared 
in  a  state  of  purity.     Its  baric  salt  is  soluble. 

Different  acetates  are  obtained  by  haating  dextrose  with  acetic 
anhydride.  One  part  of  dextrose  with  2^  parts  of  acetic 
anhydride  yields  at  the  boiling  point  of  the  latter  dextrose 
diacetatej  C5Hfi(OH)3(O.C2H30)2.CHO,  as  a  colourless  amorphous 
mass,  melting  below  100°,  of  very  bitter  taste,  i-eadily  soluble  in 
alcohol  and  water,  which  by  heating  to  160°  with  water  is  rapidly  de- 
composed into  acetic  acid  and  dextrose.  If  it  is  heated  for  a  long  time 
to  140°  with  double  its  weight  of  acetic  anhydride  dextrose  triacetate^ 
C5H6(OH)2^0.C2H3O)3.CHO,  is  formed  as  a  colourless  solid  mtvss, 
difficultly  soluble  in  water,  readily  in  alcohol  and  ether. 

On  heating  dextrose  with  large  excess  of  acetylic  chloride  a  pretty 
energetic  reaction  occurs,  and  after  evaporation  there  remains  aceto- 
chlor-hydrose,  i.e.  dextrose  chloride  tetracetale  : 

C5H6Cl(O.C2H30)4.CHO, 

as  a  colourless  crystalline  body,  very  readily  decomposed  by  water 
and  converted  by  well-cooled  strong  nitric  acid  into  dextrose  nitrate 
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tetrtuxtcUe,  C5FTe(^-N^2)(^'^»H3^)4'^H^>  which  crystalliseB  in  rhom- 
bic tables  and  prisms  melting  at  145°,  is  insoluble  in  water,  bat 
soluble  in  alcohol. 

872.  MetaUic  Compounds  of  Dextrose, — like  all  polyhydric 
alcohols  dextrose  combines  with  metals  when  in  contact  with  basic 
hydrates.  The  resulting  compounds  are  mostly  soluble  in  water,  are 
decomposed  by  carbonic  anhydride  into  dextrose  and  a  carbonate,  and 
are  oxidised  and  turn  brown  on  exposure  to  atmospheric  oxygen. 

On  Tniring  alcoholic  solutions  of  dextrose  and  potassic  hydrate,  a 
transparent  jelly  oi  potassium  dextrose  separates,  which  soon  discolours 
and  decomposes.  The  barium  and  calcium  compounds  are  also  soluble 
in  water.  An  insoluble  lead  compoimd  is  obtained  by  precipitating  a 
solution  of  dextrose  by  basic  plumbic  acetate,  as  an  amorphous  preci- 
pitate containing  three  atoms  of  lead  to  two  molecules  of  sugar. 

In  presence  of  alkali  cupric  oxide  is  largely  dissolved  to  a  deep 
blue  liquid,  which  soon  deposits  cuprous  oxide. 

A  beautiful  crystalline  compound,  dextrose  sodic  chloride : 

2C6Hij06,NaCl,HaO, 

is  formed  by  mixing  solutions  of  dextrose  and  common  salt  and 
evaporating  slowly.  This  often  separates  spontaneously  from  diabetic 
urine. 

Lcevulose,  or  Fruit  Sugar ^  Q^^Jd^, 

873.  LsBvulose  frequently  accompanies  dextrose  in  the  juices  of 
sweet  fruits,  and  together  with  the  latter  constitutes  honey.  It  is 
formed  together  with  dextrose  in  the  decomposition  of  cane  sugar  by 
ferments  or  by  boiling  with  acids,  and  is  formed  alone  in  the  corre- 
sponding transformation  of  inulin.  As  Isevulose  does  not  crystallise, 
its  purification  is  extremely  difficult.  The  separation  from  dextrose 
is  best  effected  by  means  of  the  difficultly  soluble  lime  compound. 

Dried  at  lOO'',  Isevulose  forms  a  gummy,  deliquescent  mass,  which 
is  pretty  soluble  in  mediumly  concentrated  spirit,  but  is  insoluble  in 
absolute  alcohol.  The  solutions  rotate  the  plane  of  polarisation  to  the 
left,  the  specific  rotary  power  =  —  104°. 

Towards  ferments,  bases,  oxides  of  the  noble  metals,  and  alkaline 
cupric  solutions  it  behaves  exactly  like  dextrose.  Heated  to  170°,  it 
is  converted  into  Icevulosane,  CgHioOg,  which  can  be  reconverted 
into  laivulose.     On  oxidation  it  yields  saccharic  add. 

Mannitose,  obtained  from  mannite  by  moderated  oxidation,  bears  a 
great  resemblance  to  kevulose,  but  it  is  distinguished  by  its  optical 
inactivity. 

Lactose,  CeHiaOg. 

874.  Lactose  is  formed  from  milk  sugar  by  treatment  with  ferments 
or  dilute  acids,  together  with  another  sugar  which  appears  to  be 
dextrose.  On  evaporating  the  liquid  lactose  crystallises  first  in  leafy 
and  warty  crystals.  It  has  a  greater  dextrorotary  power  than 
dextrose,  undergoes  alcoholic  fermentation  when  mixed  with  yeast, 
and  reduces  alkaline  cupric  salts  to  cuprous  oxide.  It  is  distinguished 
from  dextrose  by  giving  no  compound  with  sodic  chloride,  and  by 
yielding  lactonic  and  mucic  acids  as  its  first  products  of  oxidation,  in 
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this  reeembling  dalcite,  which  latter  can  be  obtained  from  it  by  ad- 
dition of  hydrc^en.     Lactose  is  therefore  the  first  aldehyde  of  dulcite. 

Non-ferTnerUahle  Sugars  of  the  Formula  CgHuOg. 

875.  Inonte,  C^H.^2^6t^^2^i  ^^  contained  in  small  quantity  in  the 
juices  of  animal  muscle  (especially  those  of  the  heart)  and  numerous 
organs,  and  also  occurs  in  the  urine  during  i-ome  diseases  of  the 
kidney. 

To  obtain  il  the  mother  liquor  of  the  creatine  crystals  (§  727)  is 
acidulated  with  sulphuric  acid  and  then  gradually  mixed  with  alcohol. 
Potassic  sulphate  first  separates,  and  later  inosite  in  caulifiower-like 
groups  of  colourless  cr3rstals,  which  on  recrystallisation  separate  in 
large  rhombic  prisms  of  sweet  taste.  It  effloresces  in  air,  losing  its 
water  of  crystallisation,  and  then  melts  at  210°.  It  dissolves  in  16 
parts  of  water  at  10*5°,  is  insoluble  in  absolute  alcohol  and  ether. 

On  dissolving  inosite  in  strong  nitric  acid  and  then  adding  con- 
centrated sulphuric  acid,  nitromoeite  separates.  This  appears  to  have 
the  composition  C6H6(O.NO<2)6>  Therefore  inosite  is  not  an  alde- 
hyde sugar,  but  a  hexhydric  alcohol  of  the  formula  CeH6(0H)e. 

A  very  characteristic  rose  coloration  is  obtained  by  evaporating 
inosite  nearly  to  dryness  with  nitric  acid,  adding  some  solution  of 
ammoniacal  calcic  chloride  and  once  more  evaporating. 

Mercuric  nitrate  gives  a  yellow  precipitate  with  solutions  of 
inosite,  which,  on  heating,  turns  red  and  serves  as  a  means  of  detect- 
ing inosite. 

Inosite  is  also  found  in  many  plants,  especially  in  green  beans,  the 
shells  of  peas,  in  the  unripe  berries  and  leaves  of  the  vine,  in  as- 
])aragus,  Sio, 

Sorbin,  OeHiQOg,  occurs  in  mountain  ash  berries,  and  forms  large 
colourless  crystalH,  reeulily  soluble ;  on  oxidation  it  first  yields  aposorbic 
acid* 

Arabinose,  or  gum  sugar,  C6Hi20g,  is  formed,  together  with  a  fer- 
mentable syrupy  sugar,  by  the  decomposition  of  arabin  by  dilute  boiling 
sulphuric  acid.  It  crystallises  in  large  transparent  rhombic  prisms, 
readily  dissolving  in  water  and  molting  at  160°.  The  solution  is 
strongly  dextrorotary  (a  =  -|-  116°),  has  an  intensely  sweet  taste,  and 
reduces  alkaline  cupric  solutions  to  cuprous  oxide  and  silver  solutions 
to  metal. 

JSucalme,  C6Hi20e  (after  drying  at  100°),  is  formed,  together  with 
dextrose,  by  the  decomposition  of  melitose  (see  §  881).  It  is  an  amor- 
phous, dextrorotaly  mass,  which  is  readily  decomposed  on  heating,  re- 
duces alkaline  cupric  solutions,  and  is  oxidised  to  oxalic  acid  by  nitric 
acid. 

876.  Sugars  from  Caoutchouc. — Commercial  caoutchouc  contains 
several  peculiar  methyl-ether  saccharine  bodies.  They  are  obtained 
by  heating  the  finely  divided  caoutchouc  with  alcohol,  and  are  left  in 
the  crystalline  form  on  evaporation  of  the  solvent.  By  heating  with 
hydro-haloids  they  yield  methyl  haloid  and  non-fermentable  sugars  of 
the  formula  OgHijOg. 

Two  may  be  mentioned  as  representative. 

Dambonite,  CsHkjOg  =  CfiH, 0(0113)206,  is  obtained  in  the  above- 
mentioned  way  from  the  caoutchouc  of  Gaboon.     It  crystallises  in 
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prisms,  which  melt  at  190''  and  sublime  slowly  at  210**.  On  heating 
with  concentrated  hydrochloric  acid  to  110°,  methy lie. chloride  and 
da/mbose,  CgllisOg,  are  obtained.  The  latter  crystallises  in  thick 
six-sided  prisms,  melting  at  212°  ;  it  is  pretty  soluble  in  water,  but 
insoluble  in  alcohol. 

Borneo  caoutchouc  yieldn  bomesite^  CyHj^Og  =  C6Hi,(CH3)06, 
crystallising  in  rhombic  prisms,  melting  at  175°,  and  decomposed  by 
hydriodic  acid  into  methylic  iodide  and  Borneo  damboscy  CgHiaOg, 
which  melts  at  220°. 

Sugars,  C,2H 22^11-     Saccluiroaes, 

877.  All  these  sugars,  on  boiling  with  dilute  acid  or  by  action  of 
ferments  on  aqueous  solutions,  take  up  water,  and  are  converted  into 
two  molecules  of  the  formula  CgHiaOg.  They  must  therefore  be  an- 
hydrides of  the  latter  (corresponding  to  the  dialkyl  oxides),  and  have 
the  general  formula : 

(HO)4C5He-0~C5H6(OH)4 


CH:0  CH:0 

when  derived  from  the  aldehyde  sugars. 

Numerous  cases  of  isomerism  are  possible  both  where  two  different 
aldehyde  sugars  are  united  or  where  two  molecules  of  the  same 
combine. 

The  decomposition  by  boiling  with  dilute  acids — termed  irwersion 
— ^leads  in  every  case  to  the  formation  of  a  saline  compound  as  an 
intermediate  product. 

[C6H70(OH)4]aO  +  H2SO4  =  C6H70(OH)4(O.SOa.OH) 

+  CeH70(OH)5, 

from   which,   by  boiling  with   water,   regeneration   of  the  acid   is 
effected  : 

C6n70(OH)4(O.S02.0H)  +  H2O  =  C6H70(OH)5  +  HO.SO2.OH, 

the  latter  then   repeating  the  process  with  fresh  molecules  of  the 
anhydride  sugar. 

The  sugars  Ci2H220,i  are  not  directly  fermentable,  but  when 
treated  with  yeast  are  mostly  inverted,  and  then  converted  into 
alcohol  and  carbonic  anhydiide. 

Cane  Sugar ^  or  Saccharose,  C12H22O11. 

878.  Cane  sugar  occurs  in  small  quantity  in  nearly  all  sweet 
fi*uits,  richly  in  the  sugar  cane  and  in  sorghum,  many  roots,  the 
sugar  maple,  and  in  the  liquid  contained  in  the  nectaries  of  flowers. 

To  prepare  cane  sugar  the  expressed  juice  of  the  plant  is  heated 
to  100°  with  5  %  of  calcic  hydrate  in  the  form  of  milk  of  lime,  in 
oifler  to  prevent  the  inverting  action  of  free  acids  and  to  pi'ecipitate 
mucous  and  albuminoid  bodies.  To  remove  colouring  matters  the 
liquid  is  filtei*ed  through  thick  layers  of  bone  charcoal,  and  the  nearly 
colourless  liquid  is  then  evaporated  in  vacuo  as  quickly  as  possible, 
and  at  the  lowest  temperature,  until  on  cooling  a  crystalline  mass  is 
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obtained.  The  crystals  are  purified  coinmercially  by  washing  with  a 
concentrated  solution  of  sugar. 

By  slow  evaporation  of  concentmted  solutions  saccharose  separateB 
in  large  colourless,  monoclinic  crystals  (sugar  candy). 

The  taste  of  cane  sugar  is  extremely  sweet.  It  dissolves  in  one- 
third  of  its  weight  of  cold  water  to  a  colourless  syrup,  and  is  strongly 
deztrorotary  ([a]  =  +  73^-74°).  It  is  nearly  insoluble  in  absolute 
alcohol. 

It  melts  at  160°  and  solidifies  on  cooling  to  a  glassy,  hygroscopic 
mass  (barley  sugar),  which  in  concentrated  aqueous  solutiou  is  slowly 
transformed  into  crystalline  saccharose.  If  the  melted  sugar  is  kept 
for  a  long  time  at  160°  it  is  decomposed,  without  loss  of  weight,  into 
dextrose  and  Isevulosane  : 


C5He(OH)4.0.05He(OH)4       05He(0H),       CRfiiOn)^ 

I  I  =1  +1 

CH:0  0H:0  CH:0  CH:0 


At  200*^  it  evolves  water  and  is  converted  into  caranidf  a  very  bitter, 
strongly  hygroscopic  brown  substance,  which  does  not  combine  with 
water  to  form  sugar.  It  is  a  mixture  of  different  substances,  the 
main  portion  consisting  of  a  body  of  the  formula  Ci^HigOg,  or  some 
multiple  thereof. 

On  stronger  heating  sugar  swells  up  and  is  completely  decomposed. 
It  evolves  gases  (COj,  CO,  CH4,  <kc.)  and  vapours  (HjO,  acetic  acid, 
aldehyde,  acetone,  and  oils),  and  leaves  a  residue  of  charcoal. 

On  mixing  saccharose  with  concentrated  sulphuric  acid  it  is  con- 
verted, with  evolution  of  much  formic  acid  and  sulphurous  anhydride, 
into  a  black  charred  mass  ;  other  mineral  acids  net  in  a  similar  way. 
When  dilute  they,  as  do  also  strong  organic  acids,  produce  inversion, 
i.e.  decompose  the  saccharose  into  a  mixture  of  equal  molecules  of 
dextrose  and  Isevulose.  Most  feiments  produce  the  same  change  in 
the  first  stage  of  their  action.  The  mixture  of  the  two  aldehyde 
sugars  is  termed  invert  sugar.  It  rotates  the  plane  of  polarisation 
to  the  left,  the  laevorotary  power  of  laevidose  in  solution  ( —  104°) 
considerably  exceeding  the  doxtrorotary  power  of  dissolved  dextrose 
(+  56°).  Honey  is  the  saccharose  of  the  nectaries  of  flowers, 
inverted  by  a  ferment  in  the  body  of  the  bee. 

On  heating  saccharose  with  manganic  oxide  and  dilute  sulphuric 
acid  it  yields  much  formic  acid ;  with  nitric  acid  it  yields  first  saccharic 
acid,  which  is  further  oxidised  to  tartaric  acid,  and  finally,  on  long 
heating  with  nitric  acid,  converted  into  oxalic  acid. 

879.  Metallic  Compounds  of  Cane  Sugar, — Like  all  polyhydi'ic 
alcohols,  cane  sugar,  on  contact  with  metallic  oxides,  can  exchange  a 
portion  of  its  hydrogen  for  metal.  These  compounds  behave  like 
those  of  dextrose,  are  of  basic  i-eaction,  and  are  decomposed  by  car- 
bonic anhydride. 

Alcoholic  solutions  of  sacchai-ose  and  potassic  hydrate  give  a  pre- 
cipitate oi  potassium  saccharose,  C|aH2iR0ii. 

On  mixing  milk  of  lime  with  much  sugar  solution  and  adding 
alcohol  a  precipitate  of  calcium  saccharose,  Ci2H2oCaO,j,H30,  is 
obtained.  By  boiling  an  aqueous  solution  saturated  with  lime 
^rtco^um  «ac«^ro«6,  C 1 2HiQCa30 11,3  H2O,  precipitates  as  an  amor- 
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phous  powder.  On  mixing  a  solution  of  saccharoee  with  plumbic 
acetate  and  carefully  adding  ammonia,  a  pi'ecipitate,  at  first  amorphous, 
but  soon  becoming  crystalline,  is  obtained  of  the  formula : 

In  presence  of  alkalies  it  dissolves  cupric  oxide,  forming  a  blue  solu- 
tion, from  which  cuprous  oxide  precipitates  slowly  on  boiling. 

Cane  sugar  gives  difficultly  a  crystallisablo  compound  with  sodic 
chloride,  Ci2H220|i,NaCl  (as  also  with  similar  stilts),  which  tastes  at 
once  sweet  and  saline  and  is  the  cause  of  considerable  loss  of  sugai*  in 
its  preparation  from  beet-root. 

Saccharose  Salts. — In  accordance  with  the  formula  : 

[CoH,0(OH),],0, 

eight  hydrogen  atoms  can  be  replaced  in  cane  sugar  on  heating  with 
organic  anhydrides.  Acetic  anhydride  gives  saccharose  octacetate^ 
C|2Hi4(C2H302)80n,  as  a  white  amorphous,  insoluble  mass,  which 
on  heating  with  water  yields  acetic  acid,  dextrose,  and  kevulose. 

MiUc  Sugar,  Ci2H220ii,H20. 

880.  Milk  sugar  occurs  only  in  the  milk  of  the  mammalia,  and 
is  obtained  by  precipitating  the  casein  and  fats  with  dilute  acids, 
evaporating  the  whey  to  a  thin  syrup,  and  long  standing  in  a  cool 
place,  when  it  crystallises  out.  It  forms  hard,  colourless,  transparent 
four-sided  prisms,  of  feebly  sweet  taste,  only  dissolving  slowly  in  cold 
water,  requiring  of  the  latter  6  parts,  of  boiling  water  2^  parts,  for 
solution.  The  solution  is  dextrorotary  ([a]  =  -f  59*3°).  It  is  in- 
soluble in  ether  and  alcohol.  The  water  of  crystallisation  is  given  oflf 
at  130°,  but  is  regained  on  solution. 

At  170°- 180°  milk  sugar  is  convei-ted  with  loss  of  water  into 
lacto-caramel,  C12H20O10,  an  amorphous  brown  powder,  which  can- 
not be  reconverted  into  milk  sugar  by  water,  and  melts  with  decom- 
position at  somewhat  above  200°. 

Milk  sugar  ixxluces  argentic  oxide  to  metal,  and  alkaline  cupric 
solutions  to  cuj)rous  oxide.  With  basic  hydi-ates  it  yields  metallic 
compounds  of  alkaline  i-eaction,  decomposed  by  cjirbonic  anhydride. 
By  boiling  with  dilute  acids,  or  by  ferments,  it  is  split  up  into  lactose 
and  a  body  which  appears  to  be  dextrose.  In  consequence  of  this  it 
enters  into  the  alcoholic  fermentation  with  yeast  and  gives  lactic 
acid  with  putrefaction  ferments. 

Bromine  and  water  oxidise  it  to  lactonic  Jicid,  nitric  acid  to  mucic 
acid  (fi*om  the  lactose)  and  saccharic  acid  (from  the  dextrose),  both  of 
which  are  further  converted  into  tartaric  and  oxalic  acids. 

By  heating  with  acetic  anhydride  the  octacctate : 

Ci2H,4(O.C2H30)80n, 
is  obtained. 

881.  Melizitose,  C 1 3H22O]  1  ,H20,  occurs  in  the  manna  of  Brian9on, 
an  exudation  from  the  young  shoots  of  the  larch  (Larix  europaea), 
and  is  obtained  therefrom  by  extraction  with  alcohol  and  crystallisji- 
tion.  It  forms  small,  hard,  biilliant  crystals,  which  dissolve  in  little 
water  and  have  a  very  sweet  taste.     The  solution  is  moi^e  strongly 
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deztroroflArT  tluui  cmne  ragv.  Bailing  dflate  acids  inTeit  melmloaey 
eoDTerting  it  into  dextrose. 

AfeUi^j^f^  C,2Ht20,i.3H20,  the  chief  omsutaent  of  Aii:>tnlian 
eocsdvptos  manna,  cnri»tallise6  in  fine  interiaoed  needles,  of  veak, 
sweet  ta^te,  whtm^  solution  is  dextrorotanr.  AltAlin<>  capric  sola- 
tions  are  not  redoeed  by  melitoee.  Dilate  acids  and  ferments  insert 
it  into  a  mixtore  of  dextrose  and  eocalrne.  On  fermenting  a  solntioD 
of  UM^itose  with  jeast  and  evaporatioQ  of  the  liqaid,  eucaljme  is  left 
unaltered. 

S*fMifUkro%e^  C12H23O1],  Li  found  in  the  tnbercMiles  of  Heveral  of 
the  cimpobite,  ejg.  of  DaAIia  variabUU  and  HdiaiUkus  tubfroms^ 
together  with  inolin.  It  is  amorphous  and  deliqoeaoent.  On  inver- 
sion it  yields  laevoloae  together  with  another  sugar  not  yet  soffidentl  j 
characterised. 

881a.  Jf allege,  Ci^H^sO]],  is  obtained,  together  with  dextrin,  by 
heating;  starch  with  dilute  acids,  or  by  the  action  of  diastase,  the  fil- 
timte  being  then  evaporated,  the  resulting  syrup  extracted  with 
boiling  alcohol,  and  the  alcoholic  solution  allowed  to  stand  for  some 
days,  when  maltose  crystallises  out  in  hard  crusts  of  fine  needles  of 
CijHjjOipHjO.  The  specific  rotary  power  for  the  anhydrous  body 
a].  =  +  150^.  Two  molecules  of  maltose  reduce  6*5  molecules  of 
uO.  It  is  capable  of  inversion ;  the  resulting  dextroses  require 
further  investigation. 


fe 


Carho-hydraUs  of  the  Formula  (O^^iJ^^x- 

882.  The  compounds  of  this  group  appear  to  be  the  second  anhy- 
drides of  the  aldehyde  sugars,  CgHijO^ ;  they  differ  from  the  isomeric 
bodies  obtained  from  the  latter  by  heating  the  latter  (glucosan, 
IjBvulosan,  kc,),  in  all  probability  by  having  a  greater  molecular 
weight.  How  many  simple  groups  C-eHioO.i^  are  combined  together 
by  oxygen  to  form  the  molecule  has  not  yet  been  determined.  Many 
of  them  seem,  according  to  the  analysis  of  their  saline  derivatives,  to  be 
triply  polymeric.  Some  are  converted  hy  ferments,  and  all — even  the 
insoluble — by  boiling  with  dilute  sulphuric  acid  into  sugars  of  the 
formula  O^^^fi^i  ^^^  sulphuric  acid  playing  the  same  part  as  in  the 
inversion  of  cane  sugar  (§  877). 

So  far  research  seems  to  have  shown  that  the  members  of  the 
group  contain  three  replaceable  hydrogen  atoms  for  each  six  carbon 
atoms,  so  that  the  sugar  radical  must  be  united  with  four  anhydrous 
oxygen  bonds  and  three  hydroxyl  groups. 

They  are  without  exception  destitute  of  taste  and  smell. 

CeUuloae,  (CgHioOs)^. 

883.  The  walls  of  vegetable  cells  all  contain  ceUulost  as  their 
essential  groundwork.  Differences  of  chemical  behaviour,  which 
essentially  shrink  to  difference  in  the  ease  with  which  they  suffer 
change,  depend  probably  only  on  the  greater  or  less  state  of  aggre- 
gation, also  partly  on  admixture  with,  or  actual  envelopment  by, 
other  bodies. 

This  latter  occurs  in  the  woody  parts  of  vegetables,  so  that  for  a 
time  another  body  in  close  relationship  to  cellulose,  and  termed  lignine, 
was  supposed  to  exist. 
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In  the  pure  state  cellulose  is  most  readily  isolated  from  young  and 
tender  portions  of  vegetables,  these  being  divided  as  finely  as  possible 
in  order  to  rupture  the  cells,  and  then  extracted  with  dilute  hydro- 
chloric add,  water,  alcohol,  and  ether,  until  none  of  these  solvents 
remove  anything  more.  Fine  filter  paper  or  cotton  wool  yield  pretty 
pure  cellulose  by  similar  treatment. 

Cellulose  is  a  colourless,  transparent  mass,  absolutely  insoluble  in 
water,  alcohol,  or  ether,  which  self-evidently  must  still  possess  the 
original  organic  structure.  It  is  dissolved  without  great  chemical 
change  by  an  aqueous  cuprammonic  solution,  pi*epai^  from  basic 
carbonate  or  hydrate  of  copper  and  aqueous  ammonia.  It  is  but 
little  dissolved  by  the  <;uprammonic  salts  of  strong  acids. 

On  over-saturating  such  a  solution  with  dilute  hydrochloric  acid 
cellulose  is  precipitated  unchanged  in  white  flocks. 

In  cold  concentrated  sulphuric  acid  cellulose  at  first  swells  up.  If, 
when  all  converted  into  a  paste-like  mass,  it  be  poured  into  a  large 
quantity  of  water,  colourless  flocks  of  the  formula  (CgHiQOj)^ 
separate,  but  these  difler  essentially  from  cellulose,  as,  like  stardi, 
they  are  coloured  blue  by  iodine.  This  body  has  been  termed  amyloid. 
In  preparing  'parchment  paper,'  filter  paper  is  dipped  for  a  few 
seconds  into  a  cold  mixture  of  one  pai-t  of  water  and  two  ]>arts  sul- 
phuric acid,  whereby  the  surface  is  converted  into  amyloid;  the 
paper  is  then  washed  with  much  water  and  finally  with  dilute  aqueous 
ammonia. 

Cellulose  is  completely  dissolved  on  long  standing  in  concentrated 
sulphuric  acid.  If  the  action  be  continued  until  water  no  longer 
produces  a  predpitate,  the  cellulose  is  converted  into  dextrin,  which, 
on  boiling  the  acid  solution,  will  be  converted  into  dextrose. 

If  cellulose  be  heated  to  200°  with  potassic  hydrate  and  a  little 
water,  it  yields  hydrogen,  methylic  alcohol,  and  potassic  carbonate, 
oxalate,  acetate,  and  propionate. 

884.  Cellulose  SaUa.  CeUuloae  Nitrate. — If  cellulose  in  the  most 
finely  divided  condition,  as  pure  cotton  wool,  be  dipped  into  a  mixture 
of  concentrated  sulphuric  and  nitric  acids,  it  is  converted  without 
change  of  form  into  nitrate.  The  more  or  less  complete  replacement 
of  hydroxylic  hydrogen  by  nitryl  (NO2)  depends  partly  on  the  concen- 
tration of  the  nitric  acid,  pai*tly  on  the  dui'ation  of  the  action.  If 
the  most  concentrated  nitric  acid  be  employed  with  not  too  much 
sulphuric  acid,  and  the  cotton  wool  allowed  to  remain  in  contact  for 
some  time,  there  is  then  obtained,  after  careful  washing  with  water, 
the  so-called  trinitro-cellulose,  [C6H702(O.N02)3]x,  whidi  immediately 
bums  on  contact  with  glowing  bodies.  It  is  completely  insoluble  in 
water,  alcohol,  and  ether,  and  is  reconverted  into  cellulose  by  the 
long -continued  action  of  bodies  which  yield  nascent  hydrogen  (such 
as  acetic  acid  and  iron),  or  by  an  acid  solution  of  ferric  chloride,  the 
nitrogen  bdng  evolved  as  ammonia  in  the  first  case  and  as  nitric 
oxide  in  the  second. 

By  a  shorter  duration  of  the  action  or  by  employment  of  nitric 
acid  either  not  quite  concentrated  or  mixed  with  much  sulphuric  acid, 
a  lass  nitrated  product  is  obtained,  which  bums  explosivdy.  To 
prepare  *  gun  cotton'  (pyroxylin),  cotton  wool  purified  by  washing 
with  water  and  weak  sodic  hydrate,  and  subsequently  dried,  is  dipped 
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for  a  few  minutes  (about  five)  in  a  mixture  of  one  volume  of  oonoen- 
trated  sulphuric  acid  and  two  volumes  of  concentrated  nitric  add, 
washed  with  water  till  of  neutral  i-eiiction,  and  dried  at  the  ordinary 
temperature.  The  explosive  force  of  gun  cotton  is  about  four  timeB 
that  of  an  equal  quantity  of  gunpowder. 

If,  instead  of  cold,  a  warm  nitration  mixture  be  employed,  or  if  a 
large  quantity  of  sulphuric  acid  be  added  to  the  first,  and  the  cotton 
left  in  contact  with  it  for  some  time,  the  i-esulting  nitrate  is  then 
soluble  in  a  mixture  of  one  part  of  alcohol  and  four  parts  of  ether  to 
a  syrupy  liquid,  *  collodion.*  On  evajK)i*ation  in  aii*  the  nitro-celluloee 
is  left  as  a  transjtarent,  waterproof  membrane.  Collodion,  therefore, 
finds  much  use  in  surgery  and  in  the  pi^paration  of  photographic 
negatives  on  glass. 

If  finely  divided  cellulose  \je  heated  to  180^  in  a  sealed  glass  tube 
with  six  to  eight  times  its  weight  of  acetic  anhydride,  a  syrupy  solu- 
tion of  triacett/l  celliUose  in  acetic  acid  is  ol)t4iined,  from  which  the 
compound  [0^11702(0.021130)3],  can  be  sepamted  by  water  in  the 
form  of  white  flocks  insoluble  in  alcohol  or  ether. 

886.  l^uniciiiCf  or  miiinal  cellulose,  is  isomeric  with  cellulose,  and 
closely  resembles  it  in  chemical  character.  It  is  obtained  from  the 
mantles  of  ascidians  and  cyntheans  by  long  boiling  with  hydrochloric 
acid  and  sodic  hydrate,  followed  by  washing  with  water,  alcohol,  and 
ether.  It  is  not  attacked  by  dilute  sulphuric  acid  even  on  long  boil- 
ing, })ut  gives  dextrose  by  dissolving  in  cold  concentmted  sulphuric 
acid  and  pouiiiig  into  water. 

Starchf  or  Ainylum,  (CgHi 005)3  (]). 

886.  Starch  occurs  most  widely  dLsseminated  in  the  vegetable 
kingdom,  always  in  the  form  of  microscopic  granules  enclosed  in  the 
vegetable  cells.  It  occurs  in  seeds  (coin,  chestnuts)  in  the  trunk, 
especially  in  many  palms,  in  roots  (of  Jatropha  ManiJwt  as  tapioca,  of 
MararUa  arumlimicea  as  arrowroot  in  commei'ce),  in  tubers  (potato), 
<fec.  To  prepare  it  the  vegetable  is  finely  ground,  so  as  to  tear  the  cell 
membranes,  the  starch  washed  with  water,  and  the  milky  liquid,  after 
passing  through  a  fine  sieve,  allowed  to  stand  quietly  for  some  time, 
when  the  stiirch  settles  to  the  bottom  of  the  vessel. 

From  the  mejil  of  grain,  especially  of  wheat,  it  is  best  obtained  by 
allowing  the  meal  to  remain  for  a  long  time  in  contact  with  water, 
when  the  nitrogenous  constituents  (gluten,  <kc.)  enter  into  putrefaction 
and  go  in  gi*eat  part  into  solution,  whilst  the  stai-ch  remains  imchanged 
and  can  be  purified  by  washing,  <kc.  It  is  finally  dried  in  air  at  the 
ordinary  temperature. 

Starch  gi*anulo8  possess  voiy  different  sizes  (e.g.  '185  mm.  long  in 
potato  starch  and  •046  mm.  in  wheat  starch),  and,  as  a  rule,  show 
under  the  microsco[)e  a  seiies  of  concentric  markings,  of  which  the 
innermost  nucleus  (the  liilium)  appeal's  to  lie  at  one  side.  In  polar- 
ised light  starch  granules  (like  the  sections  of  many  ciystals)  show  a 
dark  cross,  whose  point  of  intersection  agrees  with  the  hilium. 

The  integument  of  the  starch  granule,  and  also  of  the  small  layers, 
api)oar8  to  consist  of  a  very  brittle  layer  of  cellulose. 

In  mass  starch  forms  a  glittering  white  powder,  insoluble  in  cold 
water,  and  from  which  alcohol  and  ether  remove  minute  quantities  of 
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wax-like  and  fatty  substances.  In  water  heated  to  more  than  60^ 
the  oontentH  of  the  granules  swell,  break  the  integument,  and  soon 
diffuaing  through  the  whole  of  the  hot  liquid,  make  the  mass  appear 
like  a  solution.  On  cooling,  if  too  much  water  has  not  been  em- 
ployed, it  becomes  a  transparent  jelly,  termed  starch  paste,  and  diies 
to  a  hard  transparent  mass. 

The  most  characteristic  reaction  for  starch,  both  as  granules  and 
as  paste,  is  the  deep  blue  colour  which  it  gives  with  iodine.  The 
combination  between  the  two  is  very  feeble ;  it  decomposes  with  loss  of 
colour  on  heating,  but  the  colour  i-eturns  on  cooling. 

On  mixing  boiling  solutions  of  starch  with  lime  or  baryta  water, 
or  with  basic  plumbic  acetate,  white  precipitates  are  obtained  of 
metallic  derivatives  of  starch. 

On  long  boiling  stai'ch  paste  loses  the  power  of  gelatinising  on 
cooling,  having  Yyeen  converted  into  a  modification  soluble  also  in  cold 
water,  which  is  strongly  dextrorotaiy,  is  precipitated  by  alcohol,  and 
gives  a  blue  coloration  with  iodine. 

The  same  conversion  into  soluble  starcli  is  effected  by  long  heating 
to  100°  in  the  dry  state,  or  by  gentle  heating  with  solutions  of 
diastase  (the  ferment  of  germinating  gi*ain),  zincic  chloride,  or  dilute 
sulphuric  acid,  but  soon  passes  first  into  maltose  and  dextiine,  and 
finally  into  dexti'ose  (comp.  §  870).  If  dry  starch  be  heated  to  200** 
it  is  converted  into  dextrin. 

On  boiling  with  nitric  acid  stai*ch  yields  the  same  oxidation  pix)- 
ducts  as  dextrose. 

Starch  dissolves  readily  in  cold  concentmteil  nitric  acid ;  on  dilut- 
ing largely  with  water  a  white  powder,  xi/loi<jliney  separates.  This  is 
a  nitrate  of  the  formula  C6H9(N02)05  or  [C6H702(O.N02)(OHj)2],, 
which,  after  washing  and  drying,  inflames  at  180°  and  bui'ns  briskly, 
leaving  some  charcoal.  If  the  nitric  acid  solution  be  mixed  with 
sulphuric  acid,  thei-e  is  then  obt^iued,  on  dilution  with  water,  a  similar 
white  ix>wder  of  a  higher  nitrate,  which  has  appi-oximately  the  formula 
C6H8(N02)205  or  [C6H702(O.N02)20HL. 

By  heating  starch  to  140°  with  much  acetic  anhydride  triacetyl 
ainylum,  [C6H702(O.C2H30)3],  is  obtained  as  an  amorphous  mass,  in- 
soluble in  water,  alcohol,  and  acetic  acid  ;  with  dilute  alkalies  it  gives 
starch  and  acetates. 

Par  ainylum  occui*s  in  the  gi'een  infusoria  Ewjlena  viridis  in 
granules,  the  mass  closely  resembling  starch  ;  it  is  insoluble  in  cold 
water  and  dilute  acids,  swells  up  in  hot  water,  and  is  converted  into 
a  fermentable  sugai*  by  hot  hydrochloric  acid. 

887.  Licheniney  or  moss  starch,  xOgHioOa,  occurs  in  many  lichens, 
especially  in  Iceland  moss.  Finely  divided  Iceland  moss  Ls  washed 
with  alcohol,  ether,  weak  solution  of  sodic  hydi-ate,  dilute  hydrochloric 
acid,  and  finally  with  water,  and  the  lichenine  then  extiucted  with 
boiling  water.  The  clear  hot  solution  becomes  a  colourless  jelly  on 
cooling,  which  after  drying  forms  a  hard  transparent  mass.  Iodine 
gives  with  lichenine  a  yellow  or  brown  colour,  frequently,  however, 
probably  from  the  presence  of  some  starch,  a  green  or  faint  blue 
colour.  On  boiling  with  dilute  acid  lichenine  is  converted  into  a  fer- 
mentable sugar. 

Inxdiney  XC6H10O5,  occurs  in  the  roots  of  many  compositse — e.g.  in 
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Inula  Helenium,  Uelianthus  tuherosuSf  Leontodon  TaraoMCum,  and 
especially  in  the  tubeix;ules  of  the  dahlia.  It  is  obtained  either  like 
starch  or  by  boiling  with  water,  from  which  it  precipitates  on  oooling 
as  a  white  powder.  It  is  nearly  insoluble  in  cold  water,  but  is  largely 
dissolved  on  boiling.  Its  solution  is  Isevorotary,  and  on  inversion 
with  dilute  sulphuric  acid  gives  lasvuloae.  It  is  coloui^d  yellow  by 
iodine. 

888.  Gli/cogen,  xCgHioOs,  occurs  in  the  animal  liver  in  largest 
quantity  during  and  shortly  after  digestion,  and  has  also  been  recog- 
nised in  the  foetus  during  the  first  month  of  its  existence,  in  yolk  of 
eggs,  and  in  many  mollusca.  It  vanishes  from  the  liver  with  extraor- 
dinary rapidity  after  death,  being  converted  into  sugar  by  the  ferment 
of  that  organ. 

To  prepai*e  it  animals  are  killed  quickly  whilst  in  the  full  act  of 
digestion,  the  liver  removed,  coaitiely  divided,  rubbed  to  a  palp  with 
sand  heated  to  100°,  and  then  extracted  several  times  with  hot  boil- 
ing water.  The  filtered  opalescent  solution  is  treated  with  alcohol, 
which  precipitates  impure  glycogen ;  the  precipitate  is  boiled  with  con- 
oentrated  potttssic  hydrate  as  long  as  ammonia  is  evolved,  in  order  to 
destroy  admixed  albuminoids,  and  after  large  dilution  again  precipi- 
tated with  alcohol.  The  glycogen  is  then  repeatedly  dissolved  in  acetic 
acid  and  precipitated  with  alcohol,  finally  washed  with  absolute  ether, 
and  dried  in  vacuo. 

It  is  a  white  amorphous  powder,  destitute  of  smell  or  taste,  which 
gives  an  opalescent  solution  with  water,  and  is  coloured  wine  red  by 
iodine.  It  is  very  readily  converted  into  dextrose  by  dilute  acids, 
drc. 

Dextrin,  xCeHioO^. 

880.  As  already  mentioned,  starch  is  converted  into  dextrin  by 
the  action  of  dilute  acids,  of  diastase,  or  by  heating  to  200°.  In  pre- 
paring it  commercially  the  starch  is  moistened  with  water  containing 
about  2  %  of  nitric  acid,  allowed  to  dry  in  air,  and  the  conversion 
finally  efiected  by  heating  to  110°. 

Tlie  crude  dextrin  so  prepared  is  a  clear  yellow  powder,  from 
which  the  pure  compound  can  be  obtained  by  solution  in  water  and 
precipitation  of  the  filtrate  by  alcohol.  It  dissolves  largely  in  water  to 
a  gummy,  slimy  mass,  which  leaves  a  transparent,  gum-like  mass  on 
evaporation  and  drying.  The  aqueous  solution  is  strongly  dextro- 
rotary  {[a]  =  4-  138*5°),  is  not  blued  by  iodine,  does  not  reduce 
alkaline  cupric  solutions  even  on  boiling,  and  is  finally  completely  con- 
verted into  grape  sugar  by  dilute  acids  and  diastase. 

On  heating  dextrin  with  an  excess  of  acetic  anhydride  it  yields 
triacetyl  dextrin,  xC6H7(C2H30)305,  which  can  also  be  obtained  from 
the  isomeric  triacetyl  amylum  at  160°.  It  is  amorphous,  insoluble  in 
water  and  alcohol,  but  soluble  in  acetic  acid. 

GuvM  and  Mucilages,  XC6H10O5. 

890.  Under  these  names  a  niunber  of  different  but  closely  related 
bodies  are  collected,  which  are  widely  disseminated  in  plants  ;  they  are 
partly  readily  soluble  in  water  (gums),  partly  only  swell  up  therein 
(mucilage).     The  gums  occur  dissolved  in  the  juices  of  plants,  but  exude 
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on  rupture  of  the  cells,  and  hai-den  in  the  air  to  a  transparent  mass  of 
vitreous  fracture.  The  natural  gums  and  mucilages  are  invariably 
metallic  derivatives  of  peculiar  orgtuiic  compounds,  and  therefore 
leave  a  relatively  large  quantity  of  ash,  consisting  of  the  carbonates 
of  potassium,  caJdnm,  and  magnesium. 

Arabin  is  the  organic  constituent  of  gum  arabic,  an  exudation  on 
different  tropical  acacias.  In  these  it  occurs  mainly  as  the  calcic 
compound.  It  is  obtained  from  gum  arabic  by  solution  in  water, 
acidulation  with  hydrochloric  or  acetic  acids,  and  addition  of  alcohol, 
when  it  precipitates  in  flocks.  By  frequent  repetition  of  this  process 
it  is  obtained  free  from  metal,  and  can  no  longer  be  precipitated  from 
its  aqueous  solution  by  addition  of  alcohol,  but  again  acquires  that 
property  on  addition  of  small  quantities  of  basic  hydrates  or  inorganic 
salts. 

After  diying  at  100°  it  is  a  glassy  mass  of  conchoidal  fracture  and 
a  composition  corres})onding  to  the  formula  : 

which  decomposes  carbonates,  yielding  compounds  containing  1 
equivalent  of  metal  to  18  atoms  of  carbon.  Probably,  therefore,  the 
molecular  formula  of  arabin  dried  at  100°  should  be  C^qH^^O^^, 

At  120°-!  30°  arabin  loses  weight  until  it  has  the  composition 
nCfiHioOg  (C36H60O30  or  CigHgoOis  ?).  It  is  then  insoluble  in  water, 
but  swells  up  enormously  in  it  (vieCarMn).  By  addition  of  potassio 
hydrate  solution  or  lime  water  it  forms  the  metallic  derivatives  of 
ordinary  arabin. 

Compounds  oi  arabin  with  potassium  and  calcium  form  the  main 
portion  of  dierry  and  plum  tree  gums,  and  occur  frequently  in  other 
plants,  e.g.  sugar  beet. 

All  solutions  of  arabin  and  its  metallic  derivatives  rotate  the  plane 
of  polarisation,  but  to  veiy  different  degrees,  and  are  in  part  dextro-, 
in  part  laevo-rotary.  By  boiling  with  dilute  sulphuric  acid  they  are 
all  without  excei)tion  convei'ted  into  a  dextrorotary  mixture  of  partly 
fermentable  sugars,  in  which  arabinose  (§  294)  always  occurs. 

Bassorin. — This  name  was  first  given  to  the  chief  constituent  of 
Bassora  gum,  which  is  obtained  from  a  species  of  cactus.  This  drug 
is  insoluble  in  water,  but  swells  up  therein  to  a  slimy  jelly.  Later 
the  name  was  extended  to  all  vegetable  substances  of  similar  nature, 
which  in  their  totality  are  termed  vegetahh  mucilages.  These  occur 
in  the  roots  of  different  orchis  (salap),  in  the  roots  of  althsBa,  quince 
kernels.  Semen  Psyliij  Carraghen  moss,  <fec.,  as  a  rule  mixed  with 
gum.  Mucilages  also  occur  in  cherry  and  plum  tree  gums,  and  in 
traganih,  the  hardened  juice  of  some  kinds  of  Astragalus, 

Gum  or  bassorin-like  bodies  are  formed,  together  with  butyric  acid 
and  mannite,  in  the  mucous  fermentation  of  sugar. 

On  heating  with  nitric  acid,  gums  and  mucilage  yield  much  mucic 
acid  and  also  saccharic  acid ;  as  products  of  further  oxidation,  tartaric 
and  oxalic  acidn. 

Pectoris  Substances, 

801.  Under  this  name  are  included  a  series  of  bodies  which  are 
most  widely  disseminated  in  plants,  especially  in  fleshy  fruits  and 


518      DERIVATIVES  OF  THE  HEPTAVALENT  RADICALS,  C.H»_,. 

roots,  which  further  stand  in  very  clear  relation  to  the  carbo-hydrateSy 
and  always  occur  together  with  gum  and  mucilage.  The  clM^miAtiy 
of  these  compounds  is  still  very  obscure. 

A  completely  insoluble  body,  pectose,  occurs  in  unripe  fleshy  froita 
and  roots,  and  is  converted  on  ripening  or  by  long  boiling  into  bodies 
dissolving  in  water,  or  in  part  apparently  dissolving  and  gelatinisiiig 
on  cooling.  The  products  distinguished  as  pectine,  parapectine,  meta- 
pectine,  pectoic  acid,  pectic  acid,  and  parapectic  acid  are  not  sufliciently 
individualised  to  require  further  notice  here.  The  end  product  of  aU 
these  metamorphoses,  the  body  termed  metapectic  acid,  has  lately 
been  shown  to  be  slightly  impure  arabine. 

Pyridine  Bases,  CnHjn-sN. 

892.  The  group  of  pyridine  bases  appears  also  to  belong  to  the 
derivatives  of  the  heptavalcnt  hydrocarbon  nucleus,  CnH2n_6.  They 
were  first  obtained  in  inconsiderable  quantity  from  the  oily  products 
of  the  dry  distillation  of  nitrogenous  organic  matter,  such  as  turf,  coal, 
and  bones.  From  bone  oil  they  were  obtained  by  shaking  with  dilute 
hydrochloric  acid,  when  they  go  into  aqueous  solution  as  hydro- 
chlorides, from  which  they  are  separated,  together  with  alkylamines, 
such  as  trimethylamine,  butylamine,  and  amylamine,  on  addition  of 
alkali.  The  separation  of  the  single  homologues  from  one  another  is 
very  difficult  and  tedious.  Latterly  several  of  them  have  been 
obtained  from  well-known  compounds  of  other  groups. 

The  structure  of  these  compounds  is  yet  but  little  known ;  they 
appear,  however,  to  belong  to  the  nitril  bases,  as  ethylic  iodide  unites 
with  them,  giving  iodides  of  ammonium  radicals,  from  which  the  base 
cannot  be  separated  by  alkali,  whilst  argentic  oxides  convert  the 
iodide  into  strongly  alkaline  bases,  corresponding  to  the  tetralkyl- 
ammonic  hydrates. 

Pyridine,  C.^HftN,  is  obtained  in  small  quantity  amongst  the 
products  of  the  action  of  phosphoric  anhydride  on  isoamylic  nitrate  : 

CftHn.O.NOa  +  SPjOs  =  6HPO3  4-.C5H5N. 

It  is  a  colourless  liquid  of  sharp,  nauseous  odour,  boiling  at  116*5°, 
and  has  sp.  gr.  '986  at  0°.  It  yields  a  deliquescent  salt  with  hydro- 
chloric acid  of  the  formula  C5H5N.HCI,  whose  yellow  platinochloride, 
(C5HaN.HCl)2PtCl4,  is  difficultly  soluble  in  water. 

On  long  treatment  with  metallic  sodium,  especially  on  heating,  it 
polymerises  to  solid  dipyridine,  melting  at  108°,  ciystallising  in 
needles,  and  is  sublimable. 

PicoUne,  C6H7N,  can  be  obtained  by  the  diy  distillation  of  acrolein 
ammonia  (§  763) : 

CfiHoNO  =  HaO  -f  CgHyN, 

and  by  heating  glyceryl  tribi-omide  (§  681)  to  250°  with  alcoholic  am- 
monia. It  is  a  liquid,  is  strongly  basic  and  closely  resembles  pyridine, 
is  soluble  in  water,  boils  at  135°,  has  sp.  gr.  -961  at  0°,and  is  poly- 
merised by  sodium. 

LutidinSy  C7H9N,  has  only  been  obtained  from  tar  oil.  It  boils 
at  about  155°  and  has  sp.  gr.  '946  at  0°. 

Collidine,  CgH,  ,N,  is  formed  from  aldehyde  ammonia  by  dry  dis- 
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tillntion  or  by  heating  the  alcoholic  solution  to  120°-130** ;  it  is  also 
obtiiined  from  oxytetraldine  (§  424) : 

CgHiaNO  =  H2O  -h  OgHnN. 

Ethylidene  dichloride  in  also  converted  into  collidine  by  ammonia 
solution  at  160°.  It  is  a  colourless  liquid,  little  soluble  in  water,  of 
sp.  gr.  '944  and  boiling  point  179^ 

The  following  higher  homologues  have  been  separated  from  coal 
tar,  but  have  been  little  investigated :  parvolhie  (C9H13N3,  boils  at 
188°),  corindine  (C,oH,.,N,  Iwils  at  211°),  rtihidine  (CnHjyN,  boils 
at  230°),  and  viridine  (CiaHigN,  boils  at  251°). 
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CnH2n  -  (• 

Monobasic  Acids. 

893.  Mannitic  acid,  C5H6(OH)5.CO.OH,  results,  along  with  its 
aldehyde,  mazmitose  (§  873),  when  a  concentrated  aqueous  solution 
of  mannite  is  oxidised  hy  platinum  black.  It  is  an  amorphous,  ex- 
tremely soluble  substance.  It  forms  salts  which  contain  mostly  two 
equivalents  of  a  metal,  one  equivalent  probably  replacing  a  hydroxylic 
hydrogen  atom. 

Gluconic  acid,  isomeric  with  the  above,  is  obtained  from  grape 
sugar,  or  glucose,  by  oxidation  with  chlorine.  The  acid  is  a  colourless 
syrup,  and  forms  monobasic  salts,  mostly  soluble  with  the  exception  of 
the  calcium  ona     The  acid  is  optically  active. 

894.  Lactanic  add,  C5Hg(OH)3.CO.OH,  obtained  by  oxidation 
of  arabin  and  milk  sugar,  is  a  deliquescent  crystalline  mass,  melting 
at  100°.  It  seems  to  stand  in  the  same  relation  to  the  previous 
acids  that  mannitan  does  to  mannite  and  glucosan  to  grape  sugar. 
It  takes  up  two  equivalents  of  metal  from  basic  hydrates,  but  only 
one  from  carbonates. 

Dibasic  Unsaturated  Acids,  CnH2n-4.04,  or  CnH2n'-2(CO.OH)2. 

895.  In  this  group  is  included  with  certainty  only  acids  of  the 
formuliB  C4H4O4  (fumaric  and  maleic  acids),  C5He04  (pyrocitric 
acids),  and  C6Hg04  (hydromucic  acids),  to  which  the  camphoric  acids, 
O10H16O4,  may  probably  be  added ;  but,  as  their  constitution  is  less 
accurately  known,  they  will  be  described  later  on  under  the  oxidation 
products  of  the  camphors. 

As  unsaturated  compounds  in  whose  hydrocarbon  radical,  CnHjn  -  2* 
a  double  connection  of  neighbouring  carbon  atoms  takes  place,  they 
possess  the  power  of  combining  directly  with  two  atoms  of  a  halogen, 
with  the  elements  of  a  molecule  of  hydric  haloid,  or  with  two  atoms  of 
hydrogen.  In  the  latter  case  acids  of  the  series  CnH2n(CO.OH)2 
result,  or,  by  addition  of  halogens  and  their  hydrides,  mono-  or  di-sub- 
stitution  products  or  derivatives  of  the  same. 

Acids,  C4H4O4  or  C2H2(CO.OH)2. 

896.  1.  Fumaric  Acid. — This  acid  exists  on  many  plants — e.g. 
fumitory  {^Fumaria  ajficiruxHa),    Iceland   moss,   and   several   fungi. 
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Artificially  it  may  be  oonveniently  obtained  by  heating  malic  acid  for 
some  time  to  150°,  until  water  ceases  to  distil  over : 


CH(OH).CO.OH  CH.CO.OH 

I  =0H,4-|| 

CH,.CO.OH  CH.CO.OH 


Malic  acid  may  also  be  converted  into  fumaric  by  boiling  with  fuming 
HCl.  Monobrom-succinic  acid  splits  up  at  160°  into  fumaric  add 
and  hydric  bromide. 

Fumaric  acid  crystallises  in  small  prisms,  which  cannot  be  fused 
without  undergoing  change.  In  cold  water  they  are  very  difficultly 
soluble.  Of  its  salts  only  those  of  the  alkalies  are  easily  soluble.  The 
barium  and  calcium  salts,  C4H2Ba04  and  C4H2Ca04,  are  difficultly 
soluble  cr3rstalline  precipitates;  the  silver  salt  a  perfectly  insoluble 
amorphous  powder,  which  explodes  on  heating.  The  alkaline  salts 
yield  acetylene  on  electrolysis  : 

CH.CO.OK  CH 

II  4-OH2=|l|     +  COa  4- KaCO,  4- Ha 

CH.CO.OK  CH 

EthylicfumarcUe^  C2H2(CO.O.C2H5)2,  is  obtained  on  distillation  of 
ethylic  malate  and  by  saturating  a  solution  of  a  mixture  of  fumaric 
acid  and  ethyl  alcohol  with  hydric  chloride,  or  still  better  by  the 
action  of  ethylic  iodide  on  argentic  fumarate.  It  is  a  colourless  oily 
liquid,  boiling  at  218°,  which  on  contact  with  ammonia  quickly 
passes  into  mBohMQ/umaramide : 

C2H2(CO.NH2)a. 

Fumaidc  acid  distilled  with  phosphoric  pentachloride  gives  chlor 
fumaryl : 

CaH2(CO.OH)2  +  2PCI5  =  2POCI3  +  2HC1  +  CaHa(CO.Cl)a, 

a  liquid  boiling  at  160°,  reproducing  on  contact  with  water  fumaric 
add  and  hydric  chloride. 

Fumaric  acid  combines  directly  with  nascent  hydrogen  to  form 
ordinaiy  succinic  acid,  and  with  a  molecule  of  bromine  yielding  di- 
brom-succinic  acid. 

2.  Male'ic  Acid. — This  add  is  formed  in  considerable  quantity  by 
the  quick  distiUation  of  malic  add,  and  can  also  be  produced  from 
fumaric  acid. 

If  the  latter  acid  be  distilled  it  splits  up  into  water  and  an  anhy- 
dride, C2H2(CO)20,  which  on  again  combining  with  water  forms 
maleic  add. 

MaleTc  acid  is  ea&ily  soluble  in  cold  water  and  crystallises  in 
colourless  leafy  crystals,  melting  at  130° ;  at  160°  it  breaks  up  into 
water  and  the  anhydride.  The  acid,  if  fused  and  maintained  for  some 
time  at  about  its  fusing  point,  solidifies  on  cooling  to  fumaric  add ; 
this  change  can  also  be  efiected  by  boiling  with  dilute  sulphuric, 
hydrobromic,  or  hydriodic  adds.  Nascent  hydrogen  converts  it  into 
ordinary  succinic  add,  bromine  into  isodibrom-succinic  add.  Its 
salts,  including  those  with  barium  and  calcium,  are  somewhat  easily 
soluble  in  water.  The  neutral  silver  salt,  CaH2(C0.0Ag)a,  is  at 
first  amorphous,  but  crystallises  after  some  time.     An  add  salt, 
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C2H2(CO.OH.)(CO.OAg),  forms  colourless  needles  when  a  solution  of 
the  acid  and  argentic  nitrate  are  mixed  and  allowed  to  stand  for  some 
days.  By  electrolysis  salts  of  maleic  acid,  like  those  of  fumaiic,  yield 
acetylene. 

Mal^    anhydride,     C4H2O3  =  C2H8<^Jv>0,    obtained   from 

fumaric  or  maleic  add  by  repeated  distillation,  is  a  colourless  crystal- 
line maaSy  melting  at  57°  and  boiling  at  196°. 

Acids,  CftHeO^  or  C3H,(CO.OH)2. 

897.  Three  acids  (itaconic,  citraconic,  mesaconic)  of  this  formula 
are  known  isomeric  with  paraconic  acid  (§  866).  They  are  collec- 
tively obtainable  from  citric  acid  and  may  be  termed  generally 
pyrocitric  ctcid^.  They  are  related  to  each  other  in  constitution, 
BOmewhat  similarly  to  fumaric  to  maleic  acids,  giving,  on  distillation 
along  with  water,  the  same  anhydride,  03114(00)20,  which  on  again 
taking  up  the  elements  of  a  molecule  of  water  gives  citraconic  acid ; 
hence  this  anhydride  is  termed  citittconic  anhydride.  All  three  acids 
combine  with  two  atoms  of  na.scent  hydrogen  and  pass  into  pyro- 
tartaric  acid.  As  the  structure  of  the  latter  (§  838,  2)  acid  is  known, 
only  two  formulfe  are  possible  for  the  three  pyrocitric  acids  : 

OH3.O.OO.OH  OH2 : 0.CO.OH 

II  •  and  I 

OH.OO.OH  OH2.CO.OH 

so  that  one  of  them  must  represent  at  least  two  acids. 

Eecent  experiments  have  shown  that  salts  of  itaconic  acid  on 
electrolysis  yield  isallylene.  The  formiilte  of  itaconic  acid  must  be 
therefore : 

CHj :  O.OO.OK  OHj :  0 

I  -hOH2=  II         4- K2CO3  +  OO2  4- H2 
OH2.CO.OK                              CH2 

Oitraconic  and  mesaconic  acids,  however,  give  allylene,  apd  there- 
fore both  are  represented  by  the  first  of  the  above  formulte : 

CH3.O.CO.OK  OH3.O 

II  4-OH2=  III      4- K2OO3  +  H2  +  OO2 
CH.CO.OK                            OH 

The  first  step  in  their  preparation  consists  in  the  dry  distillation 
of  citric  acid,  whereby  water  is  split  ofi*  and  aconic  acid  results  : 

03H4(OH)(OO.OH)3  =  OH2  4-  C3H3(OO.OH)3, 

which  decomposes  further  into  OO2  and  itaconic  acid  : 

03H3(0O.OH)3  =  CO2  4-  03H4(CO.OH)2, 

the  latter  acid  being  at  the  same  time  partially  further  decomposed  into 
water  and  citraconic  anhydride.  The  well-cooled  distillate  divides 
itself  into  an  upper  oily  and  a  lower  aqueous  layer,  from  both  of 
which,  on  cooling,  itaconic  acid  cr3r8tallises  out.  The  portion  of  the 
oily  layer  remaining  liquid  is  mostly  citraconic  anhydride,  whilst  the 
watery  portion  is  a  solution  of  the  easily  soluble  citraconic  acid. 

1.  Itaconic  (idd  may  be  also  formed  by  heating  citric  acid  with 
water  to  160°.     It  crystallises  in  rhombic  prisms,  soluble  at  10°  in 
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17  parts  of  water  and  melting  at  16  P.  It  oombines  with  hydric 
haloids  to  itahaloid  pyrotartaric  acids  (§  866,  1). 

Its  salts  are  mostly  pretty  easily  soluble,  the  lead  and  silver  salts 
difficultly  so.     Ethylic  itaconate,  Q^\i^{QO.O,Q^Ii^\,  boils  at  227^ 

2.  Citraconic  acid  forms  large  shining  four-sided  prisms,  which 
dissolve  in  less  than  their  equal  weight  of  water  and  melt  at  80^.  At 
100°,  or  more  quickly  by  heating  a  concentrated  solution  to  120®,  it 
is  changed  into  itaconic  acid.  Hydric  chloride  forms  with  it  the  very 
unstable  citrachlor-pyrotartaric  acid. 

3.  Mesaconic  acid  is  pix)duced  by  long  heating  of  citraconic  acid 
with  dilute  nitric  or  strong  hydric  chloride  or  iodide.  Mesaconic 
acid  crystallises  in  fine  shining  needles,  which  dissolve  in  37  parts  of 
water  at  18°  and  melt  at  208°.  It  combines  with  hydric  chloride  to 
form  mesachlor-pyrotartaric  acid,  and  splits  up  by  dry  distillation 
into  citraconic  anhydride  and  water. 

Citraconic   anhydride,    O^H^^^iQ^O,  is  an  oil  boiling  at  212°, 

which  gives  with  PCI5  chlor-citraconyly  C3H4(C0.C1)2,  an  oily  body 
boiling  at  175°. 

898.  1.  Hydromuconic  acid,  C6H8O4  =  C4H6((X).OH)2,  is  derived 
from  mucic  acid  by  the  action  of  sodium  amalgam  on  the  dichloride 
(see  mucic  add)  : 

C4H2Cl2(CO.OH)2  +  6Na  +  2OH2  =  C4H6(CO.ONa)2 

+  2NaCl  +  2NaOH. 

It  forms  long  prisms,  difficultly  soluble  in  water  and  melting  at  195°, 
which  by  furtiier  addition  of  hydrogen  passes  into  adipic  acid  (§  839) 
and  takes  up  two  atoms  of  bromine  to  form  dibrom  adipic  add. 

2.  AUyl  malonic  acid,  ^^PO  OR»    prepared   from    ethylic 

H 
allyl-malonate,  is  isomeric  with  the  above  add  and  melts  at  103°. 

CH2.C(CH3).CO.OH 

3.  Xeronic  acid,     |         I  ,  is  contained  in  the  distil- 

CH2.C(CH3).CO.OH 
late  from  citraconic  anhydride,  and  may  be  separated  by  distilling  the 
mixture  of  anhydrides  with  steam,  when  xeronic  anhydride  passes  over. 
It  boils  at  242°  and  is  liquid  at  —18°.     The  acid  does  not  appear  to 
exist  in  a  free  state,  but  salts  are  known. 

The  add  is  poljnneric  with  methyl  acrylic  acid,  to  which  it  pro- 
bably stands  in  the  following  relation  : 

CH2.C(CH,).C0.0H 

I  xeronic  add 

JH2.C(CHs).C0.0H 

CH2.C(CH,).C0. 

I  ^O  xeronic  anhydride 

JH2.C(CH3).CO/ 

CH2 

II  methyl  acrylic  add 

C(CH3).C0.0H 


i, 


A) 
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The  rdsftioiis  cf  iteoooic  mad  to  aeonic,  pttraeonk^  and  hjUnuiy- 
paraeonie  adds  are  ahown  by  the  formuk^ : 

CH,  CH.O  CHj— O  CH, O 

II  II      I  i  I  II 

C.OO.OH  C  .  C  :  O  CH — 00  C(OH).00 

I  I  I  I 

CH^OO.OH        CH^OO.OH        CH^OO.OH  CH^OO.OH 

Aconie  acid.  Paneooie  arid.  Hi 


I>nusic  Saturated  Acids. 

8B9.  The  anaatarated  adds  of  the  preyioos  group  oombine  with 
two  atoms  of  dilonne  or  faioiiuiie  to  form  dihaknds,  and  hence  appear 
as  disabstitiited  products  of  members  of  the  series  CbH^(OO.OH)^ 
and  can  indeed  be  partly  obtained  from  the  ktter  by  the  action  of 
01  or  Br. 

In  many  of  these  the  halogen  atoms  may  be  replaced  by  hydioxyl, 
producing  dihydroxy-adds,  CBH^_f(OH)s(CO.OH)2y  the  most  im- 
portant representative  of  whidi  is  tariarie  acid. 

The  nnsatorated  adds  also  oombine  with  hypochloroas  acid  to 
fonnhydrozyl  halmds,  C,H^_^C1(0HX00.0H)^ 

88m.  Dibrom-malonie  aeid^CBr^  :  (CO.OH),,  crystallises  in  needles 
and  melts  at  127^ 

Compounds  of  the  Tariarie  Add  RadieaL 

800.  Dibnmi'Suoeinie  Acids. — Fomaric  and  maletc  adds  combine 
when  gently  heated  with  two  atoms  of  bromine,  and,  retaining  their 
isomeric  difference,  yield  two  dibrom-succinie  acids, 

CHBr.CO.OH 
The  ordinary  dibrom-succintc  acid,    '  ,  ia/umaric  acid 

CHBr.CO.OH 
dibramide,  bat  can  also  be  directly  obtained  from  saceinic  add  by 
heating  in  sealed  tubes  with  water  and  bromine  to  150^.  It  forms 
crystals  difficoltly  soluble  in  cold  water,  which  on  heating  decompose 
completely  without  previous  fusion.  It  is  not  affected  by  boiling 
water. 

Oblor-fumaiyl  (§  896)  combines  directly  with  bromine,  forming 
dibromrsucci/nyl  diehloride,  C2H}Br2(C*O.Cl)s,  which  boils  between 
218^-220^  and  gives,  with  alcohol,  crystalline  ethylic  dibrom-sucdnate : 

C^,Br2(CO.O.C,H5)j. 

laodtbromrsuccimc  acid,  or  maletc  add  dibromide,  forms  lai^ge, 
well-shaped  crystals,  is  eacdly  soluble  in  cold  water,  melts  at  160^, 
and  with  boilhig  water  or  heated  alone  to  180^  splits  up  into  hydric 
bromide  and  the  so-called  isobrom-maleio  add. 

Tariarie  Adds,  Q^Rfi^  =  C9H,<^gg)5^ 

801.  Four  isomeric  adds  of  this  formula  are  known,  apparently 
having  the  same  structural  formula,  since  they  are  not  only  directly 
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convertible  one  iato  another,  but  also,  by  heating  with  fuming  hydric 
iodide,  they  yield  the  same  acid,  ordinary  succinic : 

C2H2(OH)2(CO.OH)2  +  4HI  =  C2H4(CO.OH)2  +  20Ha  +  2Ia. 

Two  of  them,  in  solution,  rotate  the  plane  of  a  ray  of  polarised 
light,  ordinary  tartaric  add  to  the  right,  lasvotartaric  antitartario 
acid  to  an  equal  extent  to  the  left. 

The  other  two  are  optically  inactive. 

Bacemic  acid  is  a  combination  of  ordinary  and  Iflevotartaric,  into 
both  of  which  modifications  it  may  be  decomposed. 

Inactive  or  mesotartaric  is  not  decomposable  into  an  active  and 
inactive  acid. 

Metatartaric  is  a  further  modification,  produced  by  fusion  of 
ordinary  tartaric ;  it  is  uncrystallisable. 

Ordinary  or  Dextro-tartaric  Acid 

902.  Is  found  in  many  fruits,  particularly  in  the  juice  of  ripe 
grapes,  generally  along  with  a  smaller  amount  of  bevotartario  add, 
as  acid  potassic  salt,  which  during  the  fermentation  of  the  must,  by 
reason  of  the  formation  of  alcohol,  is  deposited,  mixed  with  yeast, 
calcic  tartrate  colouring  matters,  &c.,  in  crusts,  constituting  crude 
tartar  or  argol. 

It  is  purified  by  recrystallisation  from  boiling  water,  with  the 
addition  of  animal  charcoal  to  remove  the  colouring  matters,  when  it 
forms  a  white,  finely  crystalline  powder  {cream  of  tartar). 

In  the  preparation  of  the  free  acid  the  crude  tartar  is  first  boiled 
with  powdered  chalk  : 

2C,H,K06  +  CaCOg  =  COa  +  OHa  -H  C4H4Ca06  +  C^H^KaOe, 

insoluble  calcic  tartrate  and  very  soluble  neutral  potassic  tartrate 
being  formed,  the  latter  of  which  is  also  precipitated  as  the  insoluble 
calcic  salt  by  the  addition  of  calcic  chloride  solution.  The  united 
precipitates  are  well  washed  and  decomposed  by  the  requisite  quantity 
of  dilute  sulphuric  acid.  The  tartaric  acid  solution  is  separated  from 
the  calcic  sulphate  precipitate,  and  by  eva}X)ration  and  subsequent 
cooling  deposits  large  anhydrous  crystals  of  the  free  acid.  If  the  raw 
material  contains  l8evotai*taric  acid,  this  will  combine  during  the  crys- 
tallisation with  an  equal  amount  of  dextro-acid  to  form  racemic  acid, 
the  crystals  of  which,  containing  water  of  crystallisation,  effioi'csce  in 
a  warm  atmosphere,  and  may  be  easily  distinguished  by  their  clouded 
appearance  from  those  of  ordinary  tartaric  acid  and  mechanically 
separated. 

Dextro-tartaric  acid  forms  large  monoclinic  prisms  ;  very  often  half 
only  of  certain  of  the  truncating  faces  are  developed.  They  exhibit 
the  property  of  pyro-electricity.  On  warming  the  right  hemihedrio 
faces  become  negative  and  on  cooling  positive. 

Tartaric  acid  is  very  soluble  in  water  (in  about  half  its  weight  by 
ordinary  temperatures),  difficultly  in  alcohol,  and  not  at  all  in  ether. 
Its  solutions  rotate  the  plane  of  a -ray  of  polarised  light  to  the  right 
(a  =  -h  9-6°  at  21°). 

By  heating  to  170°  tartaric  acid  melts,  and  passes  without  altera- 
tion of  composition  into  an  amorphous  modification,   the  so-called 
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wmeiaiarianc  mad.  It  ci7ttiiliae6  frooi  its  aolotiuikft  after  a  iqj  long 
time.  At  a  little  liigiier  tempermtnre  it  bails  up,  giving  off  wmter, 
mud  is  oonTerted  into  bodies  oorrespondiiig  to  the  ethereal  anhjdiideB 
of  the  lactic  series  of  addi,  which  are  not  jet  soflKJently  inTeedgaied 
to  be  deBcribed  in  detaiL  Long-continiied  heating  to  18C  finallj 
conferts  the  add  into  a  white  powder,  insoluble  in  water,  of  this 
atomic  coiisUiuUon  C4H40^  and  commonly  called  Utrtarie  amkydride^ 
since  by  boding  with  water  or  alkalifft  it  yields  the  acid  or  its  salts ; 
at  the  same  time  it  is  doobtleas  merelv  an  ethereal  anhydride. 

At  a  still  higher  temperature  the  .^mell  of  burnt  sn^u*  makes 
itadf  apparent,  dry  distillation  commencing  with  formation  of  car^ 
bonic  acid,  water,  acetic  acid,  pyrotartaric  (§  838,  2)  and  pyio- 
laoemic  adds  (§  803). 

Heated  with  fuming  HI  to  120^,  tartaric  add  is  reduced  first  to 
malic  and  finally  to  succinic  add  : 

CH(OH).CO.OH  CH,.CO.OH 

I  +2Hl  =  OH,  +  I,+    I 

CH(OH).CO.OH  CH(OH).OO.OH 

CH(OH)OO.OH  CH^CO.OH 

I  +  4HI  =  20H,  +  21,  +    ; 

CH(OH)CO.OH  CH,.CO.OH 

The  add  is  easily  altered  by  oxidising  agents,  especially  when  heated. 

With  manganic  oxide  or  potasac  bichromate  and  sulphuric  add 
the  add  yields  in  great  part  CO,  and  formic  add.  Nitric  add  gives 
prindpaUy  oxalic  add,  and  on  fusion  with  alkalies  it  gives  acetic  and 
oxalic  acids;  it  reduces  ammoniacal  silver  solutions,  as  w^  as  auric 
and  platinic  chlorides,  in  the  presence  of  alkalies  to  metal. 

908.  The  iartraUs  known  have  been  well  investigated,  and  are 
especially  characterised  by  their  distinct  anstalli^iation. 

Three  claaeies  of  salts  are  known,  e.g.  add,  neutral,  and  basic,  in 
the  latter  of  which  the  hydrogen  of  the  alcoholic  hydroxyl  is  displaced 
by  a  metal. 

The  neutral  alkaline  salts,  such  as 

C,H,(OH),(CO.OK)„  C\H4Na,0e,0H„  C4H,(NH,),0^ 

are  easily  soluble  in  water. 

The  acid  salts  are  more  difficidtly  soluble,  the  potassium  and 
ammonium  salts  more  so  than  the  sodium  salt^  CfH^NaO^.  The 
hydric  potas$ic  saU^  C4H5KO5  {cream  of  tartar),  requires  240  parts  of 
cold  and  14  parts  of  boiling  water  for  solution. 

On  exactly  saturating  a  solution  of  cream  of  tartar  with  sodic 
carbonate  and  evaporating,  polas^ic  sodic  tartrate  (Bochelle  Bali) 
crystallises  in  very  beautiful  rhombic  crystals  with  hemihedric  faces, 
which  are  permanent  in  the  air  and  have  the  composition : 

C4H4KNaOe  +  4OH2. 

The  ammonium  sodium  salt  is  isomorphous  with  the  latter. 

The  neutral  calcic  salt,  C4H4CaOg  +  4OH3,  exists  in  many  plants, 
e.g.  the  vine,  and  hence  occurs  in  crude  tartar  and  wine  yeast.  It  is 
a  crystalline  predpitate  soluble  in  acids,  induding  acetic,  alkalies,  and 
ammonic  salts. 
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The  cupric  salt  is  also  obtained  by  double  decomposition  as  a 
crystalline  precipitate,  which  dissolves  in  an  alkaline  solution  to  a 
deep  blue  liquid  {FeMitig*8  solution),  a  basic  alkali  copper  salt  being 
formed ; 

CH(OH).CO.Ov  CH^O.OK 

I  >Cu  +  20KH  =  20Hj  +  ^Cu 

OH(OH).co.o/  in/Jbo.OK 

The  Siime  result  is  obtained  by  dissolving  cupric  hydrate  in  neutral 
alkaline  taii^rates,  or  by  mixing  copper  salts  with  tartaric  acid  and 
an  excess  of  alkalies.  The  copper  cannot  be  precipitated  from  this 
solution  by  means  of  caustic  alkalies.  Tartaric  acid  acts  in  a  similar 
manner  towards  aluminium,  iron,  zinc,  tin,  and  other  metals  in  solu- 
tion in  presence  of  excess  of  alkali. 

Plumbic  tartrate,  C4H4Pb05,  is  a  white  voluminous  precipitate 
soluble  in  ammonia  water,  wliich  on  boiling  deposits  half  of  the 
t^u-taric  acid  as  basic  plumbic  salt : 

C4H2Pb206  =  C2H2(02Pb) :  (CO.O)aPb. 

Antimonic  oxide  dissolves  in  a  boiling  solution  of  cream  of  tartar 
to  antimony  I  potassic  tartrate  {tartar  ernetic),  which,  on  cooling  the 
concentrated  liquid,  crystallises  in  colourless  shining  octahedra  or 
tetrahedra  of  the  formula  2(C4H4KSbOft)  +  OHj.  They  lose  their 
water  of  crystallisation  at  100°,  and  at  200°  pass  by  further  loss  of 
water  into  basic  potassic  antimon-tartrate : 

CO.OK  CO.OK 


CH.OH  CH.0 

I  =0H2+     I        \ 

CH.OH  CH.0— Sb 

I  I         / 

CO.O.SbO  co.o 

Analc^ous  compounds  are  formed  with  arsenious  oxide  and  boric 
anhydride.  Boryl  {wtassic  tartmte,  C4H4K(BO)06,  is  amorphous 
and  exceedingly  soluble  in  water. 

904.  Ethereal  Salts  awl  Amides  of  l^artaric  Acid, — By  heating 
tai'taric  acid  with  alcohols  acid  salts  are  formed,  and  on  evaporation 
crystallise;  they  are  still  capable  of  taking  up  an  equivalent  of  a 
metal : 

C,H,(OH), ;gOOg««»  and  C,H,(OH),;ggg;^.H» 

Monethylic  tartrate. 

The  normal  ethereal  salts  are  formed,  like  those  of  malic  acid 
(§  861),  by  satui-ating  an  alcoholic  tartaric  acid  solution  with  HCl, 
neuti-alising  the  product  with  sodic  carbonate,  and  shaking  out  with 
ether. 

Diethylic  tartrate,  C2H2(OH)2:(CO.O.C2H.^)2,  is  a  neutral  liquid, 
decouipasing  on  distillation ;  on  mixing  with  water  it  is  quickly 
decoui[K>sed  into  alcohol,  monethylic  tartrate,  and  free  acid.  On 
gently    warming    the    salt     with     alcoholic     ammonia     tariramid, 
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C2H2(OH)2((X).NH2)2»  is  obtaiDed.  It  forms  riiombic  dystftlB 
soluble  in  water  and  aloohoL 

905.  Tartaric  acid,  as  a  dihydric  alcohol,  may  have  its  hydrozyl 
groups  replaced  by  add  radicals. 

Dinitro-tartaric  (tcid,  C2H2(O.N02)2(CO.OH)3,  can  be  obtained 
as  a  colourless  mass  of  fine  silky  needles  by  treating  tartaric  acid  with 
the  strongest  nitric  acid  with  addition  of  sulphuric  acid.  The  acid  is 
particularly  unstable,  and  decomposes  in  aqueous  solutions  at  ordinary 
temperatures,  and  much  more  quickly  at  30°  into  CO2,  N2O39  and 
tartronic  acid  (§  859) : 

CH.(0.N02).C0.0H        CO.OH 

!  =1  +  CO2  +  N2O, 

CH.(0.N02).C0.0H         CH.(OH).CO.OH 

Oxalic  acid  is  also  always  formed  in  some  quantity,  especially  when 
warmed  to  30°. 

The  acid  ammonic  salt  of  dinitro-tartaric  add  : 


C2H2(O.N02)2'p«i-|  OTT 


.CO.OH 

is  difficultly  soluble,  the  normal  salt  easily  soluble  in  water ;  ammonic 
sulphide  converts  them  both  into  tartaric  add,  sulphur  being  pre- 
dpitated. 

Aceto-tartaric  adds  are  formed  when  chlor-aoetyl  acts  on  tartaric 
add.  The  ethereal  salts  are  most  easUy  obtained  from  the  ether  of 
tartaric  add  : 

CH(OH).CO.O.C2H5 

I  +  a.C.C2H30  =  Ha 

CH(OH).CO.O.C2H5 

CH(O.C2H30).CO.O.C2H5 

+    I 

CH(OH).CO.O.C2H5 

and  C2H2(OH2).(CO.O.C2H5)2  +  2CIC2H3O  =  2HC1 

4-  C,H,(O.C2H30)2(CO.OC2H5),. 

EthyUe  tnono-aceUhtartrate  is  an  oil  which  cannot  be  distilled 
unchanged ;  the  ethylic  diaceto-tariraUy  however,  forms  prismatic 
crystals,  fusing  at  67°  and  distilling  quite  unchanged  at  290°.  It  is 
easily  soluble  in  alcohol  and  somewhat  in  warm  water.  Alkalies 
saponify  it  to  alcohol  and  salts  of  acetic  and  tartaric  acids. 

ArUitartaric  Acid,  C^Ufi^. 

906.  By  saturating  a  hot  solution  of  sodic  racemate  with  ammonia 
the  double  salt  C4H4Na(NH4)Oe  +  ^OH,  is  formed  in  laige  rhombic 
crystals,  of  which  one  half  is  identical  in  form  with  the  right-handed 
sod-ammonic  tartrate,  possessing  the  hemipyramidal  faces  at  the  top 
whilst  the  £eu9es  of  the  other  half  are  their  images  as  seen  in  a  mirror — 
that  is,  they  are  the  left-sided  hemihedra  of  the  pyramid.  The  solu- 
tions of  the  latter  salt  turn  the  ray  of  polarised  light  to  the  left  The 
crystals  are  of  the  same  form  as  tartaric  add,  but  the  hemidhedral 
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faces  are  on  the  left  gide.  They  are  pyro-electric,  on  warming  nega- 
tive, on  cooling  positive.  Its  solutions  rotate  (a  =:  —  9*6°  at  2P  C.) 
to  the  ]eft.  It  exhibits  otherwise  all  the  properties  of  ordinary  tar- 
taric acid. 

Baceinic  Acid,  C^U^^Oi^fiOTL^  =  r04HeOe,/C4He06,20H2. 

907.  By  mixing  cold  saturated  solution  of  equal  quantities  of  the 
two  optical  modifications  of  tartaric  acid  heat  is  evolved,  and  sua. 
optically  inactive  acdd  is  produced,  crystallising  in  oblique  prisms. 
The  acid  is  also  sometimes  found  in  crude  tartajic  acids.  Ordinary 
tartaric  acid  may  be  heated  to  100°  without  any  apparent  change,  but 
the  crystals  of  racemic  acid  lose  water  and  become  cloudy,  and  may 
then  be  mechanically  separated.  Hacomic  acid  requires  5'7  times  its 
weight  of  water  at  16°  for  solution. 

Mesotartaric  AcUly  C4Hfi06. 

908.  The  three  modifications  of  acid  described  yield,  when  heated 
with  water  to  about  160°,  an  optically  inactive  modification,  which 
cannot  again  be  separated  into  two  modifications.  Its  potassium  and 
calcium  salts  are  also  much  more  soluble.  Its  crystals  resemble  those 
of  tartaric  acid  and  melt  at  1 40°. 

909.  Conversion  ofTartxiric  Acid  into  its  Modifications, — If  any  of 
the  optically  active  varieties  of  tartaric  acid  be  heated  with  a  tenth  of 
its  weight  of  water  to  175°  for  some  time,  it  passes  to  some  extent 
into  racemic  acid,  or  rather  a  portion  is  changed  into  the  opposite 
kind,  which  combines  with  the  unchanged  acid  to  form  racemic  acid. 
A  small  quantity  of  inactive  acid  is  also  simultaneously  produced. 
If  the  temperature  be  allowed  to  rise  to  165°  only,  much  of  this 
inactive  variety  is  produced.  It  may  be  converted  for  the  greater 
part  into  racemic  acid  on  raising  the  temperature  to  about  175°. 

910.  Synthetical  Production  of  Tartaric  Acid, — Tartaric  acid  is 
obtained  by  boiling  the  argentic  salt  of  dibrom  succinic  acid  with 
water : 

C2H2Br2(CO.OAg)2  +  2OH2  =  2AgBr  +  C2H2(OH)a(CO.OH)j. 

Hacemic  acid  is  generally  found  in  the  first  crystallisation,  some 
inactive  acid  remaining  in  the  liquid.  Different  modifications  are 
also  found  in  the  acid  synthesised  from  glyoxal  and  hydrocyanic  acid 
(§  754)  and  subsequent  boiling  of  the  cyanide  with  hydric  chloride : 

CH ;  O  CH(OH).CN 

I  -f  2HCN=   I 

CH :  O  CH(OH).CN 

Mannite,  dulcite,  sugars,  and  varioiuj  other  carbohydrates  yield 
tartaric  acids  on  oxidation. 

Compounds  of  Homologfies  of  the  Tartaric  Acid  Radical, 

911.  The  pyrocitric  adds  combine  with  halogens,  similarly  to 
malei'c  and  fumaric  acids,  to  form  dibrom  tartaric  adds.  Itaoonic  add 
gives 

M  M 
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Itmdibrou^-pjfroiartarie  ttddj  Q^Tl^rfi^  : 

CH^.CBrCO.OH 

1 
CH5.CO.OH 


wliidi  forms  colourieBB,  emalj  solnble  crystals.  Its  salts  deoompose 
vary  easily,  its  silTer  salt  giving,  on  boiling  with  water,  haimoiariarie 
add,  C3H4(OH),(CO.OH)^  which  is  difficolt  to  crystallise. 

The  sodium  salt  decomposes  on  boiling  with  water  into  aeonie 
acid  and  sodic  bromide  : 

CjH^Na^jO^  =  2NaBr  +  C5H4O4. 

Ciirf»-dibrf>m-pyroiariarie  acviy  isomeric  with  the  above,  is  a  rery 
scdable  acid.  Its  salts  decompose  on  boiling  with  water  into  metaUic 
briKnide  and  salts  of  bram-metA-acr^ic  aciti,  C^JI^BtSaO^- 

Me^a-dihrtym-pyrotafrtarie  cteidy  from  mesaconic  acid,  resranbles  the 
akoTe  acids  in  its  dkemical  behaTioor,  and  its  salts  also  decompose  into 
farom-meth-acrylic  acid  (§  796)  on  boiling. 

l}%l>rtym-adipie  acid,  CcHgBr^Oit  is  im  addition  prodoct  of  hydro- 
mnconic  acid.  It  forms  small  difBcnltly  soluble  needles^  midting  with 
decomposition  at  190^. 

D1SA8IC  KrroNic  Acids. 
Memmlie  AM,  C3H ^.OH^. 

912.  Mesoxahc  acid  is  obtained  from  its  derivatiTes  in  the  area 
noap,  alloxan  and  alloxanic  acid,  bv  the  action  of  basic  hydrates. 
On  boiling  a  solution  of  baric  alloxanate,  banc  mesoxalate  deposits  in 
small  plates.  The  free  acid  crystallises  with  one  molecnle  of  water  in 
ddiqaesoent  prisms,  which  melt  at  115°  without  giving  up  anj  water. 

Its  oonstitational  formulae  may  be  rei»%8ented  by 

CO.OH  CO.OH 

I  I 

CO,OHj  or  better  C(OH), 

I  I 

CO.OH  CO.OH 

Sodinm  ^m^lg^m  reduces  it  to  tartronic  add  (§  859) : 

CO.OH  CO.ONa 

C<OH),  +Na,=  CH.OH     +  H,0 


00 


.OH  CO.ONa 

913.  Several  adds  belonging  to  this  groap  have  been  synthesised 
by  the  action  of  haloid  sub^toted  fattv  adds  on  ethvlic  sod-aoeto- 
(§  784). 

CH,.CO.CH.O.CO.O.C,H3 
ifl4yKc  aeeio  malamale,  \  ,  is  a  colourieas^ 

CO.O.CjH^ 
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mobile  liquid  boiling  at  237°-240°.     It  is  obtained  by  the  action  of 
ethylic  chloro-carbonate  on  ethylic  sod-aceto-acetate  : 

CH3.CO.CHNa.CO.O.CaH5  +  CLCO.O.CjHs  =  NaCl 

CH3.CO.CH.CO.O.C2H5 

CO.O.O2H5 
Ethylic  succin-aceto-aoetate : 

CioHifiOa  =  GH3.CO.CH.CHa.CO.O.O,H5 


CO.O.CoH 


2^^6 


is  obtained  by  the  action  of  etbylic  monochlor  acetate  on  ethylic 
sod-aceto-acetate : 

CH3.CO.CHNa 

I  -f  CLCHa.CO.O.C2H5 

CO.O.C2H5 

CH3.CO.CH.CH2.CO.O.C2H5 
=  NaCl  + 


CO.O.C2H5 

It  is  a  eolourle&s  ethereal  liquid,  boiling  at  254°-256^,  sp.  gr. 
=  1'079  at  21°,  insoluble  in  water,  and  gives  no  coloration  with 
ferric  chloride. 

On  saponification  with  baric  hydrate  it  yields  the  baric  salt  of 
)3-aoeto-propionic  acid,  CH3.CO.CH2.CH2.CO.OH  (§  788,  b). 

913a.  Ethylic  diaceto  succinate : 

CH3.CO.CH.CO.O.CJH5 

Ci2H,g06=  I 

CH3.CO.CH.OO.O.C2H5 

is  formed  by  the  exact  decomposition  of  ethylic  sod-aceto-acetate  with 
iodine  in  colourless  transparent  rhombic  plates,  melting  at  77°  with 
partial  decomposition. 

Ethylic  a-meihyl  acetosuccinate  : 

CH3.CO.C{CH3).OO.O.C2H5 

CHj.CO.O.CaHa 

obtained  from  the  action  of  methylic  iodide,  is  a  colourless  oil,  boiling 
at  263°. 

CHa.CO.CH.CO.O.CaHft 
The  /3-oompound,  |  ,  prepared  from  ethylic 

CH3.CH.CO.O.O2H., 
a-brom  propionate  and  ethylic  sod-aceto-acetate,  boils  at  267°-259**. 
Both  acids  are  split  up  by  alkalies  into  methyl  succinic  acid. 
Ethylic  a-fl-dimethyl  aceto-8uccinate : 

CH3.CO.C(CH3).CO.O.C2H5 

CH3.CH.CO.O.CaH5 

is  a  colourless  oil  boiling  at  270°-272''. 

M  m2 
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91f .  f 'm  «^'l  i'.  «  ;;*!W^m]  ofib^mnect  of  tbe  vne  of  tW 

tn^MMu'/riA»f0^ht  'A  x}**i  t/itrf/ft*itjfjoh  cr/agmneatfi  of  maamal  HmmtL  It 
'0if'H9%  \u  f/tt\r  uuiM  ^jWtuUXy  in  hantam  uid  mMMnma^an  ■nBe.leMt 
//  «n  i/i  XkiS%%  *A  hft^Arf^nr^  whilst  ite  add  ammonic  sJt  fatsK  tbe 
elfiW  <y/iii>t;t«M;rjt  of  t^««;  li^Jid  unne  nui.^  of  f«rd«.  ain|ibilB&.  and 
ff«;»ov  ifiji^^^*!,  lintipiti  nriiiH  v/uUota  nsder  DonnAl  cimiinstuies  so 
li*t|^  rjr;«U»-.  th^kt  th^  rfftnuiti  coEOpIet^ly  disKvlTed  afti?r  coolmg.  and 
*mly  |/r«^^|^tAit^  iK/fii<;  eryi^sMxifi  ttric  acid  after  addulatian  widi 
h^'Ir'WJw/;  a/n'd,  ^>tj  ^rrv^at^fr  **^mftK/n  }/t  tbe  kidners  nnne  oflen 
lUf^^ml^M  m^lttnitiiM  '/  uraUs*,  ^/r  if  ittctfokfitd  still  more  ther  form  oon- 
tif^tmm  \u  tli*r  \AtuUler  ^(fmvel  ^/r  Chlculi;, 

L'ri/;  »/;id  ia  ^j^rally  prvff^red  from  s^ients'  excrements  or  from 
f(UMUO,  Titst  fimi  w  \>fAM  with  dilute  M>lation  of  potaamc  or  sodic 
hyt\rHUi'f  th<;  li^/t  filt^n^l  mAniUm  thffii  orintai ns  the  dibanc  salt.  e.g. 
^/V'^KjS/i,,  ^>ij  \numnii^  carfjrmic  anhydride  one  half  the  metal  is 
rtfinovm  mhI  Um?  difficaltly  mAuhle  monobasic  Kalt  precipitated : 

Hud  thin  afU?r  washing  Ah&fmytmeA  }fj  hydrochloric  add 
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To  prepare  it  fi*oin  giiano,  the  latter  is  boiled  with  a  solution  of 
one  part  of  borax  in  20  parts  of  water  ;  the  solution,  on  acidulating, 
gives  a  bi*own  impure  precipitate  of  uric  acid,  which  is  then  purified 
as  in  the  former  method. 

Uric  acid  forms  a  snow-white,  spongy,  micro- crystalline  powder, 
destitute  of  smell  and  taste,  but  reacting  on  vegetable  colours  like  a 
weak  acid.  It  requires  1,800  parts  of  boiling  and  14,000  parts  of  cold 
water  for  solution.     It  is  insoluble  in  alcohol  and  ether. 

On  heating  with  concentrated  sulphuric  ncid  it  dissolves,  and  on 
cooling  yields  deliquescent  crystals  of  Cr,H4N403,2HaS04,  decomposed 
by  water  into  their  components.  It  gives  two  series  of  salts  with 
the  metals  of  the  alkalies  and  alkaline  earths,  according  as  to  whether 
one  or  two  hydrogen  atoms  are  replaced.  The  firat,  monobasic  urates^ 
are  formed  by  *he  action  of  uric  acid  on  carbonate,  the  dibasic  only 
by  means  of  basic  hydratesw  The  latter  yield  one-half  of  their  metal 
to  carbonic  anhydride. 

Dipotassic  ura^eyCjiHaK^N^Os,  crystallises  in  fine  needles,  soluble 
in  44  parts  of  cold  water  and  of  strongly  alkaline  reaction. 

Potaasic  urate,  C5II3KN4O3,  requires  800  parts  of  water  for 
solution  and  is  of  neutral  reaction.      The  sodic  salts  behave  similarly. 

Amnionic  urate,  C5H3^NH4)N403,  is  formed  by  adding  aqueous 
ammonia  to  uric  acid,  ana  frequently  occurs  in  urine.  It  requires 
1,600  parts  of  cold  water  for  solution.  Calcic  diurate,  (C5H3N403)2Ca, 
is  the  most  soluble  of  the  alkaline  earth  salts,  dissolving  in  600  parts 
of  water. 

If  uric  acid  be  evapoi-ated  with  strong  nitric  acid  on  the  water 
bath,  a  yellowish  residue  is  left,  which  is  coloured  purple-red  by 
ammonia  (murexide  reaction). 

On  dry  distillation  uric  acid  yields  mucli  ammonic  carbonate  and 
hydrocyanic  acid,  together  with  ammonic  cyanide,  urea,  cyanuric  acid, 
<fec.,  and  leaves  nitrogenous  charcoal.  By  heating  at  160°  with  con- 
centrated hydriodic  acid  it  is  decomposed  into  carbonic  anhydride, 
ammonic  iodide,  and  glycocine  : 

C^5H4N403  +  5H2O  +  SHI  =  3CO2  +  3NH4I  +  CjHjNOj. 

916.  On  oxidation  uric  acid  yields  various  products,  according  as 
it  occurs  in  acid  or  alkaline  solution,  and  whether  the  oxidation  is 
moderate  or  energetic.  These  oxidation  products  all  appear  by  their 
further  i*eactions  to  be  urea  derivatives  of  acid  radicals ;  urea  and  its 
decomposition  products  are  mostly  formed  at  the  same  time. 

The  oxidation  products  may  be  placed  under  the  following  heads  : — 

1 .  In  acid  solution. 

a.  By  moderate  oxidation,  urea  and  alloxan  (mesoxalyl  urea). 
h.  By  vigorous  oxidation,  ])arabanic  acid  (oxalyl  urea). 

2.  In  alkaline  solution  by  absorption  of  atmospheric  oxygen  there 
are  formed  uroxonic  acid,  C5H8N4O6,  together  with  oxonic  acid, 
which  readilj  decomposes  into  glyoxalyl  urea,  carbonic  anhydride,  and 
ammonia. 

3.  By  plumbic  dioxide  potassic  ferricyanide  or  potassic  perman- 
ganate allantom  is  formed,  which  readily  decomposes  into  urea  and 
hydantoTn  (glycolyl  urea). 

It  is  therefore  very  probable  that  uric  acid  contains  a  tricarbon 
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C4H2BaN205,4H20,  separates  in  small  scaly  crystals,  which  are 
dilficultly  soluble ;  on  addition  of  the  requisite  quantity  of  sulphuric 
acid,  free  alloxanic  acid  is  obtained,  and  on  evaporation  below  40° 
forms  a  syrup,  solidifying  after  a  time  in  fibrous  crystals.  Alloxanic 
acid  is  very  soluble  in  water,  reacts  strongly  acid,  and  forms  true  salts 
with  one  equivalent  of  metal,  e.g.  NHa.CO.NH.CO.CO.CO.OK,  in 
which,  by  addition  of  strong  bases,  another  hydrogen  atom  can  be 
replaced,  NH2.C0.NK.C0.C0.C0.0K(?).  Onboiling  the  latter  com- 
pounds with  water  urea  and  a  mesoxalate  are  formed : 

NH2CO.NK.CO.CO.CO.OK  +  H2O  =  NH2.CO.NH2 

-f  KO.CO.CO.CO.OK. 

918.  Thionuric  acid,  C^HgNaSOg.  On  mixing  a  solution  of  uric 
acid  with  sulphurous  acid,  and  then  with  ammonic  carbonate,  there 
is  formed  on  long  boiling  amnionic  thionurate^  which  separates  on 
cooling  in  nacreous  four-sided  scales,  C4H3{NH4)2N3S06,H20.  Its 
solution  gives  a  white  precipitate  with  plumbic  acetate  of  plumbic 
thionuratej  from  which,  by  dry  decomposition  with  sulphuretted 
hydrogen,  ihion/uric  acid  is  obtained  in  solution.  By  evaporation  the 
acid  is  obtained  in  very  acid  needles,  yielding  uramile  and  free 
sulphuric  acid  when  boiled  with  water  : 

CO:NH.cS:«:NHf  +  ^.O  =  CO;g|;gg;CH.NH,  +  H,SO, 

919.  Bicduric  acid,  tartronyl  urea,  C4H4N2O4,  is  formed  by  addi- 
tion of  hydrogen  to  alloxan,  when  a  boiling  solution  of  the  latter  is 
treated  with  sulphuretted  hydrogen  till  no  more  sulphur  is  pre- 
cipitated : 

co<^5;g^co  +  H,s  =  s  +  co<^|;gg>CH.OH 

From  the  filtered  solution  it  is  precipitated  as  an  ammonic  derivative  on 
addition  of  ammonic  carlx)nate,  and  after  washing  is  dissolved  in  warm 
hydrochloric  acid ;  on  cooling  dialuric  acid  crystallises  out. 

Addition  of  hydrogen  also  occurs  on  heating  a  solution  of  alloxan 
with  hydrochloric  acid  and  stannous  chloride.  On  mixing  together 
alloxan  and  an  alkaline  carbonate,  and  adding  some  hydrocyanic  acid, 
carbonic  anhydride  is  evolved,  potassic  dialurate  separates,  whilst 
potassic  oxalurate  remains  dissolved  : 

2C4H2N2O4  -h  K2CO3  -h  HjO  =  C4H3KN2O4 
+  C3H3KN2O4  -h  2CO2. 

Dialuric  acid  crystallises  in  long  needles,  which  are  pretty  soluble, 
react  strongly  acid,  and  absorb  oxygen  fjx)'m  the  air  with  conversion 
into  alloxautin. 

920.  AUoxantin,  CgH4N407,3H20,  separates  when'  solutions  of 
equal  molecules  of  alloxan  and  dialuric  acid  are  ndxed  : 

C4H2N2O4  -f  C4H4N2O4  =  H2O  -f  C8H4N4O7. 

In  consequence  of  this  it  is  formed  by  passing  sulphuretted  hydrogen 
into  a  cold  solution  of  alloxan,  and  then  precipitates  with  sulphur;  it 
is  also  formed  by  dropping  stannous  chloride  mixed  with  strong  hydro- 


:jiS^'  i-JlJ'     .V\i     JMiKIVATTVJSb. 

CiitviJ*!  a^<(i  Aiiii  au   ijtfui:<iju;-  i»uiuUuii  o'  uliusau anil  krrihi^ 

«^i.t     it.iuj       1'   ^i«»-'  i    LnsiitUiii    uiu*.  bOiuiioj   WILL  icixii  Bhmifr 
•44.r  .*ii«uj>iii4«    i    ^iim«.  uiui  ptvi'ipiuib>    wiu   mini  iiycomtt:.  whuUiflL 

i«o^Ui.^'  4/. UvAAiiii}A/wA.-c    Hill-  utti'i*  uIjUJLalialf*    Uiu  djiiilxnUb.  ^L  OBduBT' 

'I  i«i    AUiitaut.i-   Itiiiiiiiu.    o*  uliuduiutiL   i"   au&iupan!-   in   thA*   it 

/«;'.' Ml    -'•'.' 


■*/• 


(liii.Mf    ...    .iiii^kitt    iittMii«utit.'<!  (V    IM'^..  iruu   txuoniini' iicui.  ami.  ti- 
i^uii.ii    ikiu.  .lUtiAau  .  li.%  iiuAUi^'  boiuliuLU'  tnn  i'niiL  au  or  alioTimnL 

.<.>j    Ml    *i<^ 


^  *"-'":I,om1 '■''•-  »'--■ 


J I  ii^oUiiiu^  •■  til  .lu...!!  wiiiu  iiutrtiivr..  lUMuiuuit  Ui  coiil  'vrntei- 
i^iiiu  t^'iii  «<jj.kiii.  ii  ij.u-  ii!i«*Aiii       J I  Ulni^  rec  UL  ezpoBUTi' tir<  flii- 

<Ji.  t,>)iiii.^  itttiuiii  .HiUiLitii.  «t  ibt.  (mUuMit  rA'ttiiuif  tilt-  jnTTaiMiff'  ff"** 
■  jf  £<.^  Liili    ui'u  ivk'id   1.    •>ifUiiit<.*l 

kiJiu^ii  t,i.  koiiiii^ii.  >•!  i.  tiiivyt-i.i'if  it  (i«'iil  vkvlub  li  )K>wciti:   L'uiiflifltiuf  (f^ 

y/Mi//i^iik  Jit../  vvli'uii  LiiUi  i.'^  ifii  l-i.uwii  iti  Uit  irwr  Ktui-fc.  MuTRsick* 
1^-  f«jiAi4t<l  kvKt^i  fi'iii  {«Miif  «^  tiiiijjirl  iLtt  iit4iu?d  U'  LKiiliiuT  wxtL  ttiivt 
jMiiU'  tif  ijiii(iii\4  ••>'l<U-  ii.i4il  wiiU'i^  :ittd  tltt  f.Uii*].!  red  liuuid ii]t<7<Ki  iicft  . 

<)ii      «,4(«illi«^     JiJiiii  >i*l«.      MjKiiciti'C'     iti      i{if1ii.*ull}v      fet-jlublfr      }lnBZXl^      CXT 

pUiU-.v   Ittiviii^  4«  ii4i-i,.ilit  ytt<ii   lu»tit      i)k«*v  urtr  dfjpp  r^  br  truif- 
J(  i»  mI<m^  liiAijiiil  l>^  l*'it^  t.-«|«iM-ii»c  fif  flrv  bJluuLLtiii  at  ICK^'  10  AH 

Ulili«^|ii.iC-il.'   uf  UJJiiJiMiilM 

PurpUntUw  of    tnHnU   lan    Ik.    i.liUiiml    li_v    J-'Ulik-  deoC'IUpOfiitioD 


HYDURYtlC  ACID.  537 

between  murezide  and  metallic  salts ;  thus  on  boiling  with  potassic 
nitrate  potassic  purpurate  is  formed  : 

CgH,(NH4)N506  +  KNO3  =  CsH.KN.O,  -f  NH,.N03, 

which  on  cooling  gives  crystals  i-esembling  those  of  murexide.  Baric 
chloride  precipitates  a  nearly  black  crystalline  powder  of  baric  purpu- 
rate, {C8H4N606)2Ba. 

Addition  of  acids  to  any  of  these  compounds  does  not  liberate 
purpuric  acid,  but  gives  uramil  and  alloxan. 

Several  probable  constitutional  formulse  can  be  written  for  pur- 
puric acid  in  accordance  with  its  method  of  formation  cuid  decom- 
position ;  these  all  come  to  the  fact  that  the  nitrogen  bonds  of  one 
ingredient  molecule  must  be  saturated  by  the  carbon  bonds  of  the 
other,  probably  something  like  this  : 

NH.CO  >  N  .  CO 

!      I 

CO  C<       CO  CH.NH, 


NH.CO    "N— CO 

923.  Ba/rhUuric  cusid,  malonyl  urea  : 

C4H4N3O3  =  ^^'j^llQQp^i 

is  formed  by  heating  alloxantin  with  two  to  three  times  its  weight  of 
concentrated  sulphuric  acid  on  the  water  bath  until  the  evolution  of 
sulphiu*ous  anhydride  ceases.  As  soon  as  cold  the  thick  liquid  is 
diluted  with  an  equal  volume  of  water,  when  a  difficultly  soluble 
compound  separates,  which  on  recrystallisation  from  hot  water  gives 
crystalline  barbituric  acid  whilst  parabanic  acid  remains  in  solution. 

Barbituric  acid  crystallises  in  large  colourless  rhombic  prisms 
difficultly  soluble  in  cold  water ;  it  exchanges  one  or  two  hydrogen 
atoms  for  metal  when  treated  with  strong  bases,  and  on  boiling  with 
dilute  alkalies  yields  a  malonate  and  urea,  or  its  decomposition  pro- 
ducts ammonia  and  a  carbonate. 

Hydurilic  acid : 

.CO.  N GH'^^-]^^CO 

C8H6N4O5  ^  CHj  .^,|-| 

.CO.NH.^^ 

is  formed  as  its  difficultly  soluble  ammonium  derivative,  together  with 
carbonic  anhydride  and  formic  acid,  by  heating  dialuric  acid  in  glycerin 
at  140°- 160°,  and,  together  with  glycodne  and  pseudoxanthin,  when 
uric  acid  is  heated  at  110°-130°  with  double  its  weight  of  strong 
sulphuric  acid  and  the  solution  poured  into  much  water.  The  free 
acid  crystallises  in  the  cold  with  two  molecules  of  water  in  small 
prisms ;  from  hot  solutions,  with  one  molecule  of  water,  in  rhombic 
tables.  It  is  difficultly  soluble  in  cold  water  and  exchanges  two  atoms 
of  hydrogen  for  metal.  Both  acid  and  salts  give  a  dark  green  colora- 
tion with  ferric  chloride.  Cold  concentrated  nitric  add  oxidises  it  to 
alloxan,  nitric  acid  of  sp.  gr.  1*2  to  violuric  acid,  and  acid  of  1-36  sp. 
gr.,  especially  on  warming,  converts  it  into  dilituric  acid  and  alloxan. 

924.  Dilituric  acid,  nitro-barbituric  acid,  or  nitro-malonyl  oreay 
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C\H34;^0^/>^H^O.  i^*  girmieti  firom  bttrbitune  add  b^ 
hoc  ziicrie  itdd.     It  <s7^x£tlli:«*s»  in  coit^nr^jesm  pnana  or  Ie&i 
eiBoresee  xzl  dry  ;ur,  'inoiT^  reaiiilj  in  hoc  wuto',  <£:£ciiitlj  i&  cold 
wick  v^UoMT  eolnrtfimi. 

Is  ii£M  die  properdin  of  *  ^«rT  jcrom^  add  aad  ean.  *^^^  '^g*  wM 
^ne  kydni^eik  asoms  for  mecaL     The  im^tt^hteBg  ialii  : 

are  ao  ifOkhle  that  zbej  are  hoc  •iecompatsed  by  mistral  addiL 

IWifriie  <Ka/,  nitrQai>barbccarie  add.  or  xLhroao-OMloiiji  vrea, 
CfH^XOi^jOj,  ii  best  prepared  bv  iiKadn^  kv^iiizilie  aod  wilk 
ymmmif  mzrite  aihd  aeecir  a«*ii ;  p*>ca9Hie  ▼ioIiiz-.iCe  crrscaO^ea  o«l  oa 
fsmirng.  Tba  forma  deep  bine  pritana  or  plates  of  che  foniula 
€^H^^^O)S^OJ,±HJ^X&eoL'T^l^'^l  wmser  xo  a  rioiec  blv&  aikitiaik  ; 
it  j^in»  with  bane  ehioHde  a  reddcih  vioLet  predpicate  of  lane  Tiohi- 
na«v  from  whieh  tbe  free  add  can  be  liberated  by  addrooiL  of  soiplmnc 
add.  Violnrir  add  crrKallssas  in  jeHow.  rhombic  prians  ;  they  are 
pretty  readily  soluble,  and  are  deeompoaed  by  excess  oi  pnfmTiir  hydrate 
into  nrtro»>mAlf  jnie  add  ;knd  area,  give  dilxtiiric  add  on  treatoi^t 
with  hoc  nitrieaddr  and  are  converted  into  aramil  by  redndng  agents, 
saeh  ai  hydric  snlphide  : 

Bromk-i€vi^lmrie  Aei^is. — By  the  action  of  faromioe  on  barlitarac, 
dilitiiriey  or  ¥ioiane  adds  there  is  first  formed 

iHh^m^harinimrie  aei^L  C^H^^^Oj,  whidu  fonning  plate 
leadOy  aolnbie  in  wat^r,  akobol.  azui  ether,  and  on  bcoHng  with  watery 
girea  hjdrobromie  add  %zA  alloxan : 

'•^^iSS:^'^'*  ^  -H»o  =  2HBr  -  co;5:g;^;c,OH), 

Aqueous  hydrocyanic  add  converts  it   into  cyazioeen  bromide  and 
Mono^yr*>m-^rbitMric  acid.  C^H^BrX^^ST  separating  in  aggregates 
of  needles  diificaltly  soluble  in  water. 

Nascent  hydrogen  reconverts  both  brom-ad«is  into  barbitiine  add. 

925.   UrncDanie  aeifij  C^H^X^O^,  is  obtainei  by  oxidation  of  uric 

acid  in  alkaline  solution,  when  that  is  expcx^  for  some  months  to  the 

action  of  atmosf^tenc  oxygen,  until  oric  add  is  no  longer  precqatated 

on  addalation.     On  oodiii^  to  —5'  potasdc  uroxanate  : 

separates  in  nacreoos  plates,  whilst  potaasic  oxooate  remains  in  soln- 
tion.  From  the  po^assic  salt  hydrochloric  add  separates  moxanic 
acid  in  coloarlefls  pnsms,  decomposed  with  evolution  of  carbonic 
anhydride  on  boiling  with  water.  Uroxanic  add  is  denved  frtxn  uric 
add  by  addition  of  two  molecules  OH^  and  one  atom  of  oxy^^en. 
probably  thus : 

NH  .  CO  XH,   CO.OH 

I  ! 

CO       C .  ITH  .       +  O  +  2H,0  =   CO      C(OH).XH. 

;  II  CO  II  CO 

NH—  C— NH.  NH     CXOH).NH. 
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The  mother  liquor  from  which  potassic  uroxanate  has  been  separated 
yields  on  evaporation  needles  of  dibasic  potassic  oxonate  : 

2C4H3K2N304,3HjO, 

from  whose  cold  saturated  solution  cautious  addition  of  acetic  acid 
separates  the  monobasic  potassic  oxonate^  C4H4KN304y  this  also 
crystallising  in  needles;  but  further  decomposition  i-eadily  ensues, 
carbonic  anhydride  being  evolved  and  a  crystalline  powder  of  potassic 
lantanurate  separating : 

C4H3K2N3O4  -f  2HO.C2H3O  +  H2O  =  KO.C2H3O 
+  (NH4)O.C2H30  +  C3H3KN2O3  -f  COj. 

926.  Hot  concentrated  nitric  acid  converts  both  uric  acid  and 
alloxan,  with  evolution  of  carbonic  anhydride,  into  parabanic  acid, 
C3H2N2O3,  which  as  oxalyl  urea  (§  826)  has  been  already  mentioned 
tc^ether  with  its  derivatives  oocaluric  acid,  oxaluramide,  and  oxalantin. 

AUamtoin,  C4H6N4O3,  is  formed  in  the  oxidation  of  uric  acid  by 
plumbic  peroxide,  potassic  ferricyanide,  or  potassic  nitrite  and  acetic 
acid,  and  occurs  naturally  in  the  urine  of  young  calves  and  in  the 
allantoic  liquid  of  the  cow.  From  these  liquids  it  is  obtained  by 
evaporation  and  cooling,  best  from  uric  acid  by  boiling  with  water 
under  slow  addition  of  plumbic  dioxide.  The  liquid  filtered  from 
some  plumbic  oxalate  is  treated  with  hydric  sulphide  to  remove  lead, 
and  the  clear  solution  evaporated  to  crystallisation,  whereby  allantoin 
separates  whilst  some  urea  remains  dissolved. 

Allantoin  crystallises  in  colourless  prisms,  little  soluble  in  cold 
water.  Its  hot  aqueous  solution,  on  addition  of  argentic  nitmte  and 
ammonia,  gives  a  white  ciystalline  precipitate  of  silver  allantoin, 
C4H5AgN403.  By  hejiting  with  hydriodic  acid  allantoin  is  decom- 
posed into  urea  and  hydantoTn  (glycolyl  urea,  §  724) : 

C4H6N4O3  -f  2HI  =  I2  -f  CON2H4  4-  C3H4N2O2. 

The  formation  of  allantoin  from  uric  acid  is  expressed  by 

C5H4N4O3  +  H2O  +  O  =  CO2  -f  C4H6N4O3 

(comp.  alloxan,  §  917). 

On  dissolving  allantoin  in  solution  of  potassic  hydrate,  and  after 
some  time  adding  acetic  acid  and  alcohol,  crystals  of  jKttassic  allantoate 
separate : 

C4HeN403  -f  KOH  =  C5H7KN4O4. 

An  aqueous  solution  of  allantoin,  on  ti'eatment  with  sodium  amal- 
gjim,  unitiBs  with  hydrogen,  eliminating  water  and  forming 

Glt/colurily  C4H6N4O2,  forming  colourless  octahedra  or  needles, 
and  decomposing  on  boiling  with  acids  or  alkalies  into  urea  and 
hydantoin  : 

NH  CH 
C4HeN402  -h  H2O  =  CON2H4  +  go'       '  I     ^ 

.NH.CO 

These  relations  give  the  following  plausible  structural  formulse  for 
allantoin  and  its  derivatives  : 
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vNH.C.OH  .NHj  CO.OH 

C0<(         M  CO  I 

^NH.C.NH.C0.NH2  .NH— CH.  t^H.CO.NH, 

Allantoln.  Allantoic  acid. 

.NH.CH 
CO         M 

.NH.C.NH.CO.NH, 

GlycoluriL 

AUantom  dissolved  in  solution  of  potassic  hydrate  is  oxidised  by 
addition  of  four  times  its  weight  of  potassic  ferricyanide  to  potaasie 
eUlantoxanatef  C4H2KN3O4  ;  this,  on  addition  of  acetic  acid,  separates 
in  difficultly  soluble  silky  needles  : 

C4H6N4O3  +  KOH  +  O  =  C4H2KN3O4  +  NH3  +  H2O. 

Bodies  ReUUed  to  Uric  Acid. 
Xanthine^  C5H4N4O2. 

927.  Xanthine  was  first  discovered  as  the  chief  constituent  of  a 
rare  form  of  urinary  calculi ;  later  it  was  obtained  from  guanine,  and 
afterwards  recognised  as  a  body  widely  disseminated  in  the  animal 
organism,  though  occurring  in  but  small  quantity.  It  occurs  con- 
steuitly  in  minute  quantity  in  human  urine,  the  amount  being  increased 
by  the  continued  ase  of  sulphur  baths.  Fi'om  uric  acid,  with  which 
it  differs  in  composition  only  by  containing  one  atom  less  of  oxygen, 
it  can  be  obtained  by  reduction  with  sodium  amalgam.  That  an 
isomeric  body,  pBeudoxaiUhine,  can  be  obtained  together  with  hydurilic 
acid  and  glycocine  by  heating  uric  acid  with  strong  sulphuric  acid 
has  already  been  mentioned. 

It  is  obtained  most  abundantly  from  guanine.  This  is  dissolved 
in  hot  strong  nitric  add,  and  potassic  nitrite  added  as  long  as  large 
quantities  of  red  vapoiirs  are  evolved.  On  diluting  with  water,  red 
flocks  of  a  mixture  of  xanthine  and  pseudoxanthine  are  obtained  j  these 
are  dissolved  in  boiling  ammonia,  and,  in  order  to  reduce  the  nitro- 
compound, treated  with  ferrous  sulphate  solution  as  long  as  black 
ferroso-ferric  oxide  seimrates.  On  evaporation  the  filtrate  yields  a 
mixture  of  xanthine  and  ammonic  sulphate,  from  which  the  latter  can 
be  extracted  by  cold  water. 

Xanthine  is  a  white  amorphous  powder  scarcely  soluble  in  cold, 
very  difficultly  in  hot  water.  It  is  largely  dissolved  by  strong  acids, 
especially  when  hot,  yielding  crystalline  salts  with  them,  which,  how- 
ever, are  decomposed  by  water. 

Argentic  nitrate  gives  with  a  nitiic  acid  solution  of  xanthine  a 
white  precipitate,  CftH4N402,AgO.NOj,  which  can  be  crystallised  in 
fine  needles  from  hot  nitric  acid. 

Xanthine  is  also  soluble  in  the  alkalies  and  in  aqueous  ammonia  ; 
from  the  latter  solution  argentic  nitrate  gives  a  gelatinous  precipitate, 

C5H2Ag2N402,H20. 

Xanthine  gives  a  yellow  residue  when  evaporated  with  nitric  acid, 
which  gives  with  alkalies  a  reddish  yellow  coloration,  becoming 
violet  on  evaporation. 

928.  Guaniney     Q^U^Y^rfi  ^Q^llj^Y^fii^Yi),     occurs    in    most 
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guanos  (about  |  %),  iu  the  excrements  of  the  garden  spider,  in 
the  liver  and  pancreas  gland,  and  in  the  scales  of  whiting.  It  also 
occurs  in  the  flesh  of  hogs  in  the  form  of  round  white  concretions 
during  a  disease  of  the  animal. 

To  prepare  it  from  guano,  the  latter  is  boiled  with  milk  of  lime, 
until  a  filtered  sample  appears  colourless.  The  residue,  consisting 
mainly  of  uric  acid  and  guanine,  is  then  boiled  repeatedly  with  solu- 
tion of  sodic  hydrate,  and  the  filtered  solution  over- saturated  with 
acetic  acid.  The  precipitated  mixture  of  uric  acid  and  guanine  is  then 
extracted  with  nitric  acid  and  the  guanine  precipitated  with  ammonia. 

Guanine  is  a  colourless  amorphous  powder  insoluble  in  water  and 
alcohol ;  it  yields  crystalline  compounds  with  alkalies,  acids,  and  some 
mineral  salts.  The  metallic  compounds  contain  two  hydrogen  atoms 
replaced  by  metal,  e.g.  C5H3Na2N50,2H20,  the  salts  either  one  or 
two  equivalents  of  acid,  e.g.  C5H5N50,2HC1  and  C5H5N50,HC1. 
The  argentic  nitrate  compound,  C5H5N50,AgO.N02,  behaves  analo- 
gously to  the  xanthine  compound. 

Nitrous  acid  converts  guanine  into  xanthine,  nitrogen  being 
evolved  : 

C5H4N40(NH)  -h  HO.NO  =  Nj  +  HjO  +  C5H4N4O,. 

Hydrochloric  acid  and  potassic  chlorate  oxidise  it  to  parabanic 
acid,  guanidine,  and  carbonic  anhydride : 

C5H4N40{NH)  +  H2O  -f  30  =  C3H2N2O3  +  C(NH2)jNH  4-  00a. 

Therefore  guanine  and  xanthine  appear  to  be  bodies  of  constitution 
analogous  to  uric  acid,  for  which  the  following  structural  formula 
may  be  drawn  (comp.  §  916)  : 

NH— CO  NH— CO 

I  i  II 

CO      C— NH.  HN=C         C— NHv 

I  II  >H  I  II  \CH 

NH— C  —  N^  NH— C  —  N^ 

929.  Hypoxanthine,  or  aardney  C5H4N4O,  resembles  xanthine 
and  guanine  in  many  points,  and  can  be  converted  into  the  first  on 
oxidation.  It  must  therefore  have  an  analogous  constitutional 
formula,  probably : 

NH— CO 


CH     0— NH. 

11         II  >H 

i;^  __  c  —  N^ 

It  is  widely  disseminated  in  the  fluids  of  the  animal  body,  occurring 
especially  in  muscle  flesh  of  the  vertebratse,  always  accompanied  by 
xanthine. 

It  can  be  obtained  from  extract  of  meat,  after  separation  of  the 
creatine  (§  728),  by  diluting  the  mother  liquor  and  precipitating  with 
cupric  acetate  at  the  boiling  temperature.  The  smutty  brown  pre- 
cipitate of  copper  h}-poxanthine  Is  dissolved  in  nitric  acid,  precipitated 
by  argentic  nitrate  as  hypoxcmthine  argentic  nitrate  : 

C,H,N,0,AgNOa, 
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wi»di  is  reerrsuIliKH  from  hoc  nhrir  aci^fL  Tkk  is  dWit  bofled  widi 
amnomAcaJ  ajt^t  Aointioci  to  eoQTert  it  into  tbe  msoioble 
i&Mic  Wictfr,  C^H^Ajr^/AH^O.acd  thk  Imner — suspended  in 
d«cp!»iprxi!d  >/T  ^nlpLoreiti^  hTdrrieec  Tbe  pveopitase  of 
wulfkMt  i)  tKen  ertraeted  whii  much  boOing  vater  and  tke  kcK 
Shiirtd  Hqnid  ^fTAporated. 

The  pRfftntioQ  so  obCftiiMd  is  sdll  copf  mmaied  with 
hom  which  it  can  ooHr  he  incompletelT  septratgd.  tbe  porifin^ 
being  efiaeted  br  the  greater  -^rfubtlitj  of  its  k^iroMoruU  : 

(which  ciTitaliises  in  nacrec^os  pUt€Ss ai>i  the  more  difienh  sofadnlitj 
of  its  argentie  nitxale  oompoond  in  nitric  add. 

Hjpozanthine  cr^^taltises  in  ooloarlefls  mieroEeopic  needles ;  it  ia 
ooDsideTabiT  more  solaUe  in  water  than  xanthine,  as  alH>  in  aqneoaa 
acids  and  alkalies. 

With  the  latter  and  with  baric  hydrate  it  yields  aolable  OTstaDine 
comp^mMK  e.g.  CVHiX^OBa^SH^O.' 

vdO.  CanttTK?,  C.H^y^O^.H^O.  alaooocnnt  in  extract  of  meat,  and 
is  probabl  J  the  sooroe  of  h  vpoxanthine.  Extract  of  meat  dilated  with 
six  times  its  weight  of  water  u>  fir-^  precipitated  with  baryta  wmter, 
aiwl  the  61trate  with  acetate  of  lead. 

From  this  last  precipitate  moch  boiling  with  water  extxacts  the 
lead  oompoond  of  carnine,  which  Ls  then  deoomposed  with  snlphnreUed 
hydrogen  and  tbe  filtrate  eyaporated  to  a  small  yolnme.  Concentrated 
aolotion  of  argentic  nitrate  »  then  added,  which  giyes  a  white  floeea- 
lent  precipitate  of  oamifu  argentic  nitrate,  UCyH^Agy^OjJkgiNO,, 
and  this  oonyerted  into  earning  irr'/tvr  by  treatment  with  dilute 
ammonia.  This  latter  is  finally  sospendM  in  water,  decomposed  by 
solpburetted  hydrogen,  the  camiDe  obtained  by  eyaporati<Mi  and 
purified  by  recrystallLsation  and  treatment  with  animal  cfaarcoaL 

Camine  is  a  colourless  powder  difficultly  soluble  in  cold  water. 
With  hydrochloric  acid  it  yields  the  compound  C-HgN402,HCl, 
which  crystallLses  well.  By  beating  with  nitric  add  it  is  converted 
into  bypoxanthine  nitrate,  with  bromine  into  hypoxanthine  hydro- 
bromide.  The  other  decomposition  products  obtained  at  the  same 
time  haye  not  yet  been  characterised. 

Hheobromirui  and  Caffeine. 

931.  These  weak  yegetable  bases  appear  to  be  methylated  deriya 
tives  of  xanthine.  The  first  occurs  in  the  cacao  bean  (from  TJkeo- 
broma  Cacao),  the  latter  in  oofiee  berries,  in  the  fruit  o[  Paulinia 
sorhiUs,  in  the  leayes  of  the  Chinese  tea  shrub  and  in  those  of  Hex 
paraguenns  (Paraguay  tea).  Tea  contains  up  to  4  %,  coffee  at 
most  1  %. 

Both  are  obtained  from  the  respective  sources  by  extraction  with 
water,  predpitation  of  the  tannic  add  by  plumbic  acetate,  removal  of 
lead  from  the  filtrate  by  hydric  sulphide,  and  evaporation  o(  the 
filtrate  to  crystallisation.  The  separated  mass  is  then  recrystallised 
from  alcohol. 

mfo6romiw«,  dimethyl  xanthine,  C7H8N4OJ  =  C5H,(CH3),N40„ 
is  a  powder  difficultly  soluble  in  boiling  water  and  still  less  in  alcohol 
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and  etber.  It  is  dissolved  by  ackis,  forming  crystalline  salts,  decom- 
posed by  water.  It  can  l)e  sublimed  by  careful  heating.  A  crystalline 
precipitate  of  argento-theohromine,  C7H7AgN40j,  is  obtained  on  long 
boiling  with  ammoniacal  argentic  nitrate;  and  this  precipitate,  on 
heating  with  methylic  iodide,  yields,  according  to  the  equation  : 

CyH^AgN^Oj  +  CH3I  =  Agl  +  C7H7(CH3)N50a, 

Caffeine^  trimethyl  xanthine,  or  methyl  theobromine : 

CgH.oN^O,  or  05H(CH3)3N40,. 

It  crystallises  with  a  molecule  of  water  in  fine  silky  needles,  which 
lose  their  water  of  crystallisation  at  100°,  melt  at  225°,  and  sublime 
unaltered.  If  caffeine  is  dissolved  in  chlorine  water  and  the  red  brown 
spots  left  on  evaporation  heated  with  aqueous  ammonia,  a  beautiful 
red  violet  coloration  is  obtained. 

By  boiling  with  baryta  water  caffeine  is  converted,  with  sepai*ation 
of  baric  carbonate,  into  a  strong  base,  caffeidine : 

CgHioN^Oa  4-  Ba(OH)a  =  BaC03  -f  C7H1JN4O. 

This,  on  long  boiling  with  excess  of  baryta,  decomposes  into  methyl- 
amine,  ammonia,  methyl-glycocine,  and  formic  acid. 

By  aqueous  chlorine  or  nitric  acid  caffeine  suffers  a  peculiar  trans- 
formation into 

Amalic  cund,  or  tetramethyl  alloxantine  (comp.  §  920) : 

C.^HnN^Og  =  C8(CH3)4N407,HA 

forming  difficultly  soluble  crystals.  With  alkalies  and  baryta  in  the 
cold  it  gives  a  violet  blue  coloration,  with  ammonia  in  the  air  violet. 

It  imparts  a  fine  red  colour  to  the  skin.  By  further  action  of 
chlorine  it  yields  choleatrophane  (dimethyl  parabanic  acid,  §  826). 
Theobromine  behavas  similarly  towards  chlorine. 

The  relations  of  theobromine  and  caffeine  to  xanthine  and  uric  acid 
are  therefore  unmistakable,  and  best  find  provisional  expression  in  the 
formulas : 

NrCHa)— CO  N(CH3)— CO 

II  i  I 

CO  C— NH  and       CO  C— N(CH3) 


\c 


H 


\ 


CH 


N(CH3)— C-N^  N(CH3)— C— N^ 

Theobromine.  GafTeine. 

DiPROPARGYL,   CfiHg. 

932.  This  hydi'ocarbon,  isomeric  with  benzene,  is  obtained  by  long 
heating  of  diallyl  tetrabromide  with  strong  alcoholic  potash,  whereby 
an  oil,  boiling  between  205°-210°,  dibrom-diallyl,  CgHgBrj,  is  first 
formed,  the  final  action  being  thus  represented  : 

CHjj.CHBr.CHaBr  CHa.C^CH 

I  +  4K0H  =  4KBr -h  40Ha -f.     I 

CH  2.CHBr.CH2Br  CH^.C^CII 
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DiprofMurgjl   (oomp.   §   804)   is   a  GokNuiean  limpid  liquid  of  85* 
boOing  point  and  ip.  gr.  '81  at  18"^. 

It  combines  witii  copper  and  sflver  in  ammonia4^1  solutions  to 
eompoonds  in  whidi  two  hydrogen  atoms  are  replaeed  bj  tbe  metal : 

CH^C=C.Cn 
I  +  20H, 

Thii  bodj  IB  jdlow.  The  sOvcr  compound  is  at  first  white,  but  qni^Ij 
blackens  and  decomposes.     Hjdrochlonc  acid  regenerates  the  hjdro- 


Bromine  forms  at  first  a  thick  liquid  bromide,  CcH«Br4,  whidi, 
when  warmed  with  more  bromine,  gi^cs  a  beantifiiUy  cryBtaDine  octo- 
bromide,  C«H«Bk-«,  of  meldng  point  140*. 
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Monobasic  Acids. 

933.  The  monobasic  acids  known  belonging  to  this  group  are 
aoonic  and  muconic  acids,  which  resemble  paraoonic  and  terebinic  in 
their  constitution  (§§  866, 867),  only  belong  to  a  series  containing  two 
hydrogen  atoms  less. 

Aconic  acid,  C5H4O4,  results  from  boiling  solutions  of  itadibrom 
pyrotartaric  acid  salts  (§  911) : 

CHaBr  CH— O 

CBr.CO.ONa  =  2NaBr  +  C.CO 

CHa.CO.ONa  CHj.CO.OH 

better  with  addition  of  a  molecule  of  sodic  carbonate  to  two  molecules 
of  the  salt.  The  sodium  aconate,  C5H3Na04  +  SOHj,  crystallises  in 
fine  leafy  crystals. 

Aoonic  acid  forms  large  crystals  with  numerous  faces,  soluble  in 
water,  alcohol,  and  ether,  and  melting  at  154^.  With  the  exception 
of  its  silver  salt,  all  its  salts  are  easily  soluble  in  water  and  crystallise 
exceedingly  well. 

By  long  boiling  with  Ba^H0)2  aoonic  acid  is  decomposed  into 
succinic  and  carbonic  acids,  and  probably  also  a  liquid  acid  richer  in 
carbon  : 

CH— O 

/  CHa.C0.0 

.CO  +  2Ba(H0)a  =  COBaO,  +  H,0+  H,  +  |  Ba 

CH,.C0.0 
Ha.CO.OH 

Muconic  acid,  C^HgO^,  formed  by  the  decomposition  of  dibrom- 
adipic  acid  (§  911)  by  argentic  oxide  : 

CeHgBrjO^  +  AgjO  =  2AgBr  +  OHj  +  Q^Ufi^, 

crystallLses  similarly  to  the  aconic  acid,  dissolves  easily  in  water, 
alcohol,  and  ether,  and  melts  a  little  above  100°.  It  is  decomposed  by 
boiling  solution  of  baric  hydrate  into  acetic,  succinic,  and  carbonic 
acids,  and  another  add  not  as  yet  examined. 

N  N 


'A 
i 
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Dibasic  Acids. 
[/nscUurcUed, 

984.  In  some  of  the  unsaturated  dibasic  acids  (§  895  and  fol- 
lowing) individual  hydrogen  atoms  of  the  group  CqHsq.s  can  be 
substituted  by  halogens  by  boiling  the  salts  of  the  haloid  additions 
products  with  water : 

CnH,n.2Br,(C0.0Na),  =NaBr  +  CnH^.aBrgJgg^ 

In  this  manner  neutral  salts  of  dibrom-suocinic  add  give  salts  of 
bram-maU^  acidf  CsHBr(00.0Il)2y  crystallising  in  prisms  melting 
at  126^ 

If  a  cold  solution  of  the  neutral  potassic  salt  be  shaken  with  fresh 
oxide  of  silver,  bromide  of  silver  is  formed,  and  the  potash  salt  of 
hydroxy-mcdeic  acid  remains  in  solution  : 

CH.CO.OK  CH.OO.OK 

0  +AgOH  =  AgBr+   |J 

CBr.CO.OK  C(OH).CO.OK 

fh>m  which  plumbic  acetate  precipitates  plumbic  hydrozy-maleiate, 
and  by  treatment  of  this  in  the  usual  way  with  SHj  the  free  acid  is 
obtained  in  easily  soluble  grouped  feathery  crystals. 

Isodibrom-suocinic  acid  splits  up  by  simply  boiling  its  solution 
into  II  Br  and  Uobrom-mal&io  acid,  very  similar  to  its  isomer,  but  melt- 
ing at  160**.  CMor-maleic  acid,  C^HjClO^  =  CaHa(C0.0H)2,  is 
prepared  from  tartaric  acid  by  the  action  of  phosphoric  chloride  (1 
part  add  to  6  PCl^),  the  chlor-maleic  chloride  being  decomposed  by 
water: 

CH(OH).CO.OH  CH.C0C1 

I  +  4PCI5  =  4POC18  +  5HC1  +    I 

CH(OH).CO.OH  CC1.C0C1 

It  crystallises  in  small  needles  melting  at  172°. 

Neutral  ethyl  tartrate  is  conveited  by  PCI5  into'  ethyUc  chlor- 
maleate,  an  oU  boiling  between  250°~260** : 

CH.C0.0CaH5 

I 
CC1.C0.0C,H6 

Saiuraied  Adds. 

936.  Apaaarhic  acid,  C5H.O7  =  C3H8(OH)3(CX).OH)„  is  obtained 
from  sorbin  (§  875)  by  warming  with  nitnc  acid : 

CeHijOe  +  50  =  C^H.Oy  +  CO,  +  20H„ 

along  with  tartaric  add,  probably  formed  from  it  by  a  further  simul- 
taneous oxidation : 

CftH.Oy  +  O,  =  C^nfi^  +  CO,  +  OH,. 

Aposorfaio  add  generally  forms  irr^^ular  leafy  crystals,  but  some- 
times colourless  pointed  riiombokedra,  duBolving  in  1*63  part  of  water 
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at  15°  and  meltiDg  at  110°  with  loss  of  water.     The  alkali  salts  are 
soluble ;  the  caldam  salt,  CgHgCaOj  +  4OH21  is  a  white  precipitate. 

Tribasic  Acids. 

936.  As  yet  only  one  acid  of  this  group  is  known.  TricarbcUlylio 
or  glyceryl  tricarbanic  acid  =  C3H5(CO.OH)3. 

By  heating  glyceryl  tribromide  with  alcohol  and  potassic  cyanide 
glyceryl  tricycmide,  or  tricyanhydnn,  results,  easily  decomposable  by 
alkalies  with  evolution  of  ammonia  into  an  alkaline  tricarballylate  : 

CH,.CN  CHj.CO.OK 

.CN    +  3K0H  +  3OH2  =  3NH3  +  CH.CO.OK 

I  I 

CHa.CN  OHj.CO.OK 

It  is  also  prepared  by  heating  citric  acid  with  hydriodic  acid  and 
by  redaction  of  aconitic  acid  with  sodium  amalgam.  It  ciystaHises 
in  colourless  transparent  rhombic  prisms,  melting  at  157°- 158°,  and 
easily  soluble  in  water,  alcohol,  and  ether.  The  alkaline  salts  are  all 
soluble  in  water ;  the  calcium  salt 

(C6H506),Ca3  +  40H„ 

is  an  amorphous  precipitate. 


CH.( 


s  n  2 


VH  OH  /;h  OH,/.>.'.oa 

CH  OH  ./;h  oh  ./>,'.0H 

rn  OH  jyj/jH 
'.  h  oh  .*yj  OH 

jMtt^**U4r  J  jA  y^  '/  'Ajj^  bi.-jfftj  » hi.  if  piijn*  "uf  iihrit  Mid  ci*  i^  zf. 
j  v  ujA;:  vjvjw.-^.  w^^'jZi  *^ju:iu*fZMJiy^^     Ai  kkc  w  iitt  eroiinticiL  of  wd 

X//'.  M»d  liju*jjv  oiiuv^  w.al  mtvca!  riuiefc  iu  v-.tl-jjue  of  vaiier :  n  k 

w>AJ^r  «^^l'i.     Oxj  i'jfj^  »<Uiiduig  tlc^:  diil^ciiitjv  Mii::l^  hydnt  rr^^frar 

tAi^p'JiMfitAA:,    ^'^Hi'OH  ^4'/^  '^  ...  cri>.XiJ:L%ei  in  r.«>wii  cniBl&.  aitd  is 

ytinikf^  ^jy  f^srynUtWuiitXyju  fi*mx  h.fA  vaUier  kiid  tiBktibeat  with 
AMiiiMiJ  ^i/M^sTAJ.  Ill  '^^kr  t/y  oUaiz;  tlae  fret  aacii.  t2«  bTdiic  nit  i> 
$Mr'tU%\'u^^  wjtlj  |x/UiMr,M;  Lvdrk-Ur  s^tA  tbe  nadily  bolaUe  noniui!  atdt 
iuinM  wjUi  o»4uiif:  cLI</rid^  b^/J'JUou.  Tbe  ixiboluble  cftdmic  nsftochatFate 
i«  Ui^j   wjtthfidf  ttntsf^stifUsd  isi  vav^r.  df9rx>ii)pciaed  Iit  bjndiic  sulphide, 

f^!i:\tMry;  u^ifl  no  i^AMintA  fonuh  it.  inim-Uke.  deliqaocESt  maaB  :  it 
h^  wAuyAt'.  In  Hi^^An^A,  uttd  kje^iH  VfAtiCfjinyo*^.  with  bcxnm  ooloratiaiL, 

'V\iM  «dili«  '/  Mux^/arii;  n^rjd  rebemble  those  of  tartaric  add ;  the 
ItV'lru;  iMAMHiiti  aijd  usuwonic  paHh  are  difficultlv  soluble,  the  normal 
alkaJiii^  itaJtit  f«A/iiJy  at  An)  At:  and  ddiqaesoent ;  most  other  metals 
^u;Jd  KaltM  diffi/tiltly  «<^]u(>l«  or  iiiSoloMe  in  water. 
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Ethylic  aaecharate,  04X14(011)4(00.0.03115)2,  ia  crystalline,  but  is 
difficult  to  obtain  in  a  state  of  purity  ;  it  forms  a  crystalline  compound 
with  calcic  chloride,  2CioHi80fl,OaOl2,  which  reacts  with  chlor-acetyl, 
yielding  ethylic  tetraceto-aacchnrate,  041X4(0.021130)4(00.0.02115)2, 
forming  tabular  crystals,  melting  at  61°,  insoluble  in  water,  but 
soluble  in  alcohol  and  ether. 

2.  Mttcic  Acid. — ThLs  acid,  isomeric  with  the  preceding,  is  obtained 
by  the  oxidation  of  dulcite,  lactose,  arabine,  vegetable  mucilage,  and 
also,  together  with  saccharic  acid,  from  milk  sugar  and  melitose. 
Usually  1  part  of  finely  powdered  milk  sugar  is  gently  halted  with 
3  parts  of  nitric  acid  of  sp.  gr.  1*3  until  the  stonny  evolution  of  red 
fumes  ensues,  and  the  reaction  then  allowed  to  complete  itself ;  a  white 
sandy  powder  of  mucic  acid  separates,  which  is  purified  by  well  wash- 
ing with  water. 

Mucic  acid  is  nearly  insoluble  in  cold  water  and  alcohol,  only 
difficultly  soluble  in  boiling  water.  The  greater  part  of  its  salts  are 
insoluble,  even  the  normal  potassic  and  ammonic  saltA  being  diffi- 
cultly soluble,  whilst  the  hydric  potassic  salt  is  somewhat  more  readily 
soluble. 

Ethylic  mucate,  06Hg(02H5)20g,  crystallising  in  four-sided  prisms, 
melting  at  158°,  is  obtained  by  heating  mucic  acid  with  four  parts  of 
sulphuric  acid  and  four  parts  o£  alcohol.  It  dissolves  readily  in  water 
and  alcohol  at  the  boiling  temperature.  Heated  with  chlor-acetyl  it 
is  converted  into  ethylic  tetraceto-fmicate,  which  is  readily  soluble  in 
hot  alcohol,  crystallises  in  fine  glassy  needles,  melts  at  177°,  and 
begins  to  sublime  at  150°. 

Phosphoric  chloride  converts  mucic  acid  into  the  crystalline  ohlor- 
mueonic  acid  dichloride,  O6H2OI4O2  : 

04H4(OH)4(OO.OH)2  4-  6POl5=  6POOI3  +  8H01 

+  04112012(00.01)2, 

which  is  converted  by  water  into  the  dibasic  chlor-muconic  acid : 
04H20l2(00.01)2  +  2H2O  =  2H01  +  04H20l2(OO.OH)2. 

This  is  difficultly  soluble  in  cold  water,  and  can  be  obtained  crystalline 
from  a  hot  saturated  solution.  Sodium  amalgam  and  water  convert 
it  into  hydromuconic  acid  (§  898). 

By  heating  at  180°  witn  much  fuming  hydriodic  acid  mucic  acid 
is  reduced  to  adipic  acid  (§  839) : 

04H4(OH)4(OO.OH)2  +  8HI  =  4I2  +  4HaO  +  04ll8(OO.On)2. 

When  mucic  acid  is  boiled  for  a  long  time  with  water,  and  the 
clear  solution  evaporated  to  dryness  on  the  water  bath,  a  third 
isomeride, 

3.  Faramucic  acid,  is  obtained,  which  dissolves  in  5*8  parts  of  hot 
and  about  70  parts  of  cold  water,  and  is  somewhat  more  soluble  in 
alcohol.  It  is  very  readily  converted  into  miicic  acid,  e.g.  by  cooling 
the  hot  saturated  aqueous  solution. 

CampouTids  of  the  Fyromudc  Acid  Group. 

938.  By  dry  distillation  of  mucic  and  paramucic  acids  two 
isomeric  monobasic  acids  of  the  formula  05X1403   are  obtained — 
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pTTomucic  and  isopyromacic  aads,  whose  coiistiiutkmB  are  not  jei 
clearl  J  known.  The  same  holds  good  for  the  reaction  prodnctB  of  Hie 
pjrcmiDcic  acids  and  their  aldehvde,  farfnrol,  80  that  these  oompcmiMfa^ 
though  derivatives  of  different  hydrocarbon  radicals  oontainmg  the 
same  carbon  nacleus,  are  considered  in  connection  with  mocic  acid. 

Pyromucic  add,  C5H4O3,  is  prepared  from  the  Hqnid  passing  Cfvtr 
in  the  drj  distillation  of  mucic  acid,  by  neutralisation  with  sodie 
hydrate,  evaporation  of  the  filtrate  to  a  small  volume,  acidnlatioD  of 
the  residae  with  solphoric  acid,  and  shaking  oat  with  ether.  Tlie 
ethereal  solntion,  on  evaporation,  leaves  a  mixture  of  the  two  iaomerie 
pyromucic  acids,  which  are  s^nrated  by  means  of  a  small  quantity  of 
cold  water. 

Pyromodc  acid  can  also  be  obtained  by  boOing  its  aldehyde  with 
water  and  aigentic  oxide ;  it  cnrstallises  in  colourless  needles  or  fmsmSy 
melts  at  134  and  sublimes  below  this  temperature.  It  diBBolves 
readily  in  alcohol  and  in  4  parts  of  boiling  and  28  parts  of  cold  water. 
Its  alkali  salts,  e.g.  C5H3KO3,  are  readily  soluble  and  djstallise  with 
difficulty. 

Ethylic  pyromuaUe,  C^^{Q^^Y^^,  crystallises  in  leaves,  mating 
at  34''  and  boiling  at  208°-210*'.  It  unites  directly  with  dilOTine, 
forming  the  liquid  tetrachloride,  C5H3Cl4(C2H5)03,  and  reacts  with 
ammonia,  forming  the  crystalline  pyromttcamide,  C^H^O^NH^ 
Phosphoric  pentachloride  yields  with  pyromucic  acid  the  chloride 
C5H3O2.CI,  an  oil  boiling  at  170^  This  chloride,  as  also  the  &ct  that 
ethylic  pyromucate  is  not  affected  by  chlor-acetyl,  are  in  (^^xxstioQ  to 
the  former  view  that  pyromucic  acid  was  a  hydroxy-add  of  the 
formula  C4H,(0H).(X).0H.  One  oxygen  atom  appears  more  pro- 
bably to  be  united  to  the  nucleus  in  anhydro  fiishion,  so  that,  in  lack 
of  a  detailed  constitutional  formula,  the  expression  C4H3(0).CO.OH 
seems  the  best. 

Isopt/romttcic  acid,  C5H4O3,  dissolves  very  readily  in  cold  water ; 
it  melts  at  82°  and  commences  to  sublime  below  100°  in  colourless 
plates,  which  soon  turn  yeUow  in  air. 

Both  acids  are  formed  according  to  the  equation  : 

C4H4(OH)4.(CO.OH),  =  CO,  ^-  3H2O  +  C4H3O.CO.OH. 

By  evaporation  of  a  solution  of  pyromucic  acid  with  a  moderate 
amount  of  bromine  fumaric  acid  is  formed  : 

C5H4O,  +  3Brj  +  3H,0  =  C4H4O4  +  CO,  +  6HBr  ; 

by  employment  of  more  bromine  mticobramic  acid^  C^H^Br^Os,  is 
obtained,  which  crystallises  well. 

939.  Pyromucic  aldehyde,  or  furfur 61,  C5H4O,  =  C4H3<0).CH :  O. 
Furfarol  occurs  amongst  the  products  of  the  diy  distillation  of  sugar, 
and  is  obtained  by  heating  bran,  meal,  or  sawdust  with  dilute 
sulphuric  acid  or  zincic  chloride  solution.  It  is  usually  prepared  by 
distilling  two  parts  of  wheat  bran  with  one  part  of  sulphuric  acid 
previously  diluted  with  double  its  weight  of  water,  the  distillate  being 
neutralised  with  potassic  hydrate  and  rectified.  Furfarol  passes  over 
with  the  aqueous  vapour  as  a  colourless  oil  of  sp.  gr.  1*165  and 
boiling  at  163°.  Exposed  to  air,  it  turns  brown  and  finally  becomes 
a  tar-like  mass.  It  requires  twelve  times  its  weight  of  water  for  solu- 
tion and  mixes  with  alcohol  in  every  proportion. 
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As  a  true  aldehyde  furfurol  is  converted  into  pyromucic  acid  by 
boiling  with  water  and  argentic  oxide,  and  it  also  enters  into  com- 
bination with  hydric  alkali  sulphites.  Hydric  sulphide  convei'ts  it 
into  ihio-furfuroly  Q^fi^y  a  white  crystalline  powder ;  with  ammonia 
it  reacts  according  to  the  equation  : 

3C4H8(0).CH  :  O  4-  2NH3  =  SH^O  +  [C4H3(0).CH  :  \^^ 

forming  furfuramide.  Furfuramide  forms  neutral,  colourless  cryir 
tak,  insoluble  in  water,  but  soluble  in  alcohoL  On  heating  to  120° 
or  by  boiling  with  potassic  hydrate  solution  it  is  converted  into  the 
isomeric  base  furfuriiUy  C15H12O3N2,  which  crystallises  in  silky 
needles,  is  somewhat  soluble  in  water,  more  readily  so  in  alcohol,  and 
forms  crystalline  salts  with  acids,  e.g.  Ci5HiqN203,HC1,H20. 

Furfurylic  alcohol^  OsHgOa  =  C4H3O.CH2.OH.  On  mixing  fur- 
furol with  alcoholic  potassic  hydrate,  heat  Ib  evolved,  and  on  cooling 
the  liquid  solidifies  to  a  crystalline  mass,  from  which  ether  extracts 
furfurylic  alcohol :  ' 

2O5H4O2  +  KOH  =  C5H3KO3  +  e^HeOa. 

Potassic  Furfurylic 

pyromucikte.        alcohol. 

Furfurylic  alcohol  is  a  liquid  which  readily  turns  brown  from 
oxidation  on  exposure  to  air ;  it  distils  between  170°  and  180°,  readily 
decomposing  into  water  and  a  thick  brown  oil  during  the  distillation. 
Acids  convert  it  into  a  red  resin, 

940.  On  submitting  ammonic  pyi-omucate  to  dry  distillation  an 
oily  and  an  aqueous  distillate  is  obtained.  The  oil  consists  mainly  of 
pyrrol,  C4H5N  =  04H3(NH)H,  which  is  obtained  colourless  on 
rectification  and  boUs  at  133° ;  it  soon  turns  brown  on  exposure  to 
air.  By  heating  with  acids  it  is  converted  into  orange-coloured  or  red 
flocks  of  pyrrol  red. 

The  aqueous  layer  of  the  distillate,  on  evaporation,  yields  crystals 
of 

Carho'pyrrolamidey  C5HgON2  =  C4H3(NH).CO.NH2,  melting  at 
173°  and  decomposed  on  boiling  witJi  strong  mineral  bases  into 
ammonia  and 

Carho-pyrrolic  acid,  C5H5O2N  =  C4H3(NH).CO.OH,  This  latter 
crystallises  in  small  prisms  subliming  at  190°,  and  decomposing  at 
higher  temperatures  into  carbonic  anhydride  and  pyrrol : 

CftHftOaN  =  CO2  +  C4H5N. 

By  distilling  pyromucates  with  soda  lime  some  quantities  of  a  liquid, 
tetraphenol,  are  obtained,  which  is  colourless,  neutral,  boils  at  32°,  and 
has  the  formula  C4H4O. 

Tribasio  Hydroxy- Acids. 
CUrie  Acid,  CgHgOy  =  C3H4(OH)(CO.OH)3. 

941.  Citric  acid  occurs  in  the  free  state  in  lemons  and  other  acid 
fruits,  such  as  gooseberries,  currants ;  in  the  form  of  salts  in  the  beet 
root,  the  tubers  of  HeUanthua  tuberoaua,  the  leaves  of  Cercu%8  acida, 
the  bark  ofAescidus  Hippooasianwn,  &c.    On  the  lai^  scale  it  is  pre- 
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|Mkred  6um  lemoni,  the  cxprmed  jnke  hang  ckucd  hy  ^«n;«*g  wilk 
allximm  and  then  a^turmted  whilst  hot  with  powdered  chalk  and  mSSk 
of  lime.  The  precipitated  normal  calcic  citrate  is  decomposed  faj  tiie 
eqnrralcnt  qimntitr  of  snlphiiric  mad,  and  the  liquid  filtcxed  from  tlia 
Igjpaum  azid  eTaporated  to  dryness. 

Citric  add  has  been  obtained  sjntheticallj  from  sTmmetrical  ^i^^^Lyr 
acetone  (§  768)  bj  the  following  series  o(  reactions.  The  liirhlor 
acetone  ia  first  heated  with  strong  hTdrocjanic  add : 

CHjCl  CH^a 

CO        +  HCN  =  C<J!5 

I  1 

CH,a  CH^a 

The  resalting  cyano-hydrate  is  then  boiled  with  hydrodilorie  add : 
CH,a  CHjCl 

C<g5   +Ha  +  20H,=  C<J;5oH  +  ^^*^ 
CH,a  CHiCl 

The  dichlor-acetonic  acid  formed,  when  treated  with  KCN,  exchanges 
its  chlorine  for  cyanogen,  and  the  resulting  cyanide,  when  boiled  with 
add,  yi^ds  dtric  add  : 

CH,.CN  CH^CO.OH 


CH^C^ 


CN  CH^CO.OH 


Citric  acid  crystalliaes  in  large  coloorless  rhombic  prisms  of 
stron^y  acid  taste,'  of  the  formula  C^H^O^^HiO  ;  they  melt  at  100^, 
hat  only  loee  water  at  a  higher  temperature.  Citric  add  is  solaUe  in 
water  and  alcohol,  bat  scarcely  in  ether. 

On  heating  to  175^  dtric  add  loises  water  and  is  conTerted  into 
aamiiie  acid,  C3H3(CO.OH)3,  which  at  higher  temperatures  decom- 
poses into  carbonic  anhydride  and  itaconic  add.  On  fusing  with 
excess  of  an  alkali  dtric  add  yields  salts  of  oxalic  and  acetic  adds : 

C«HjK,0-  +  KOH  =  Kfifi^  +  2K0.C,H,0. 

Mould  soon  developes  in  aqueous  solutions  of  dtric  add,  under 
whose  influence  the  add  is  rapidly  decomposed. 

As  a  tribasic  add  citric  add  yields  three  classes  of  salts,  normal, 
C,H4(OHXCO.OM)„  and  two  acid  : 

C,H,(OH)=i«>o^^)»  and  C.H.COHKjg^OM  ^^ 

Patanie  Sails, — B^  saturating  dtric  acid  with  potassic  hydrate  or 
carbonate,  tripotaasic  dtrate,  C^H^K^OjyH^O,  Ls  obtained  in  colourless 
needles,  which  are  ddique^cent  and  are  insoluble  in  alcohol.  On 
mixing  a  solution  of  two  molecules  of  this  with  one  molecule  of  dtric 
add  and  eTaporatii^,  dipotasde  citrate,  C^H^K^O*,  is  obtained  a.s  an 
amoiphoos,  readily  soluble  mass ;  whilst  mixed  solutions  of  one  mole- 
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cnie  of  the  tribacdo  salt  with  two  molecules  of  citric  acid  yield  mono- 
potassic  citrtUe,  C^YIjK.O'j,Hfi,  large  colourless  prisms,  soluble  in 
alcohol. 

Oalcic  citrate,  (C6H507)2Ca3,4H30,  is  more  soluble  in  cold  water 
than  in  hot,  and  dissolves  readily  in  hydrochloric  or  acetic  acids.  The 
acid  salts  are  obtained  by  addition  of  the  necessary  quantities  of  citric 
acid,  and  are  readily  soluble.  C6H6Ca07,H20  crystallises  in  brilliant 
plates ;  (CQlIjOj)^Ca.  generally  forms  a  gummy  mass,  only  obtained 
crystalline  with  difficulty. 

Argentic  dtrate,  ^^jPi^zy  ^  obtained  by  double  decomposition 
of  argentic  nitrate  and  trialkaline  citrates,  as  a  white  flocculent  pre- 
cipitate, which  dissolves  in  boiling  water  (invariably  with  partial 
decomposition)  and  separates  in  crystals  on  cooling. 

Triethylic  citrcUe  is  obtained  by  a  similar  method  to  that  for 
ethylic  malate  (§  904)  and  tartrate  (§  861).  It  is  a  liquid  of  oily 
coDsistence  and  is  somewhat  soluble  in  water.  It  decomposes  on 
distillation,  and  on  treatment  with  cblor-acetyl  yields  triethylic  aceto- 
citrate,  insoluble  in  water  and  boiling  at  288°  : 

C8H4(OH)(C0.0.02H5)3  4-  Cl.CjHaO 
=  C3H<(O.CjH30)(CO.O.C2H5)3  +  HCl. 

Ammonia  converts  it  into  crystalline  citramide : 

C3H,(0H)(C0.NH,)„ 

which  is  difficultly  soluble  in  water. 


DKRITATITES  OF  RADICALS  POORER  IS  HYDROGEN. 


Aamiiic  mdJ^  C«H«Q«  =  C,H3(CX>.Om»  oecsn  m  «fa» 
of  cmkie  wtdt  in  rmgiaam  speaes  of  acoin'fi—,  ako  in 
Camtoiida  mod  EqmaHmm  jiun/itUe^  It  cmn  be  obteincd  finMi 
add,  witk  eKmirwfciQn  of  wmter,  faj  lifting  aX  175^  or  faj  long 
with  eoDcentrmted  hTdrodilone  or  k-nlzobrooiic  mddm  st  140°.  It 
beat  prepared  br  beating  dtnc  acid  in  a  retort  ontfl  oilr  streaks  are 
obaened  on  tlie  neck,  wlwn  tbe  reaidfie  is  eooled  and  eaEtraetad  with 
ciher.  It  crrvtalliBeB  in  wliite  plates  or  grannlpw,  sohiUe  in 
alcohol,  and  ether,  and  mehi  at  140°.  It  b  a  tribMC  acid  and 
with  nascent  hydrogen,  iomung  triearhaUyUe  acid  (§  936)  : 

CH.OO.OH  CH^CO.OH 

II  I 

C— CO.OH  +  2H  =  CH.CX).OH 

I  I 

CH^CO.OH  CH^CO.OH 

and  on  dry  distillation  yields  itaoonic  acid  (§  397,  1) : 

CH.CO.OH  CH^ 

"  ^        'I 

C.CO.OH     =  CO,  +  C.CO.OH 

I 
CH,.CO.OH  CH,.CO.OH 


The  normal  ealeie  mtli,  (CsH30c),Ca3,6H,0,  orystalliaeB  in 
and  is  difficultly  solnble. 

Aeeetmitie  acid,  whooe  ethylic  salt  is  fonned  in  the 
of  ethylic  brom-aoetate  with  sodium,  is  probaUy  an  isomer  of  aoonitic 
acid. 

948.  Meeome  ock/,  C7H4O7,  oocors  in  the  milky  jnioe  of  poppies 
and  in  the  opiom  prepared  therefrom,  and  passes  into  the  alcolK>lic 
extract  of  the  latter.  From  this  baric  chloride  precipitates  bane 
meconate  nearly  in  a  state  of  parity,  the  free  add  being  obtained 
by  addition  of  solphnric  acid ;  it  Ls  then  converted  into  the  ammonic 
salt,  and  this  reciystalliaed  sereral  times  from  hot  water  and  finally 
decomposed  by  hydrodiloric  add. 

Meoonic  add  crystallises  in  ooloorless,  mica-like  plates  or  prisms 
containing  three  molecules  of  water,  which  is  given  off  at  100^.  It  is 
difficnltly  soluble  in  cold  water  or  ether,  more  readily  in  hot  water 
and  alcohol.     The  alkali  and  ammoniom  salts  are  readUy  soluble,  all 
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others  difficultly  soluble  or  insoluble.  The  above-mentioned  baric 
Halt  has  the  formula  C7H2Ba07,H20.     Calcie  meoonate : 

CyHaCaOyjHaO, 

dissolves  in  warm  nitric  acid,  the  solution  on  cooling  yielding  brilliant 
plates  of  the  monobasic  salt  (C7H307)2Cay2H20.  Two  silver  salts  are 
known,  a  white,  C7H2Ag207,  and  a  yellow,  C7HAg307,  only  obtain- 
able by  aid  of  an  ammoniacal  solution  of  argentic  nitrate.  Meoonic 
add  yields  a  most  intense  blood-red  coloration  with  ferric  chloride. 

On  saturating  an  alcoholic  solution  of  meconic  acid  with  hydro- 
chloric add  gas,  and  cooling,  feathery  crystals  of  hydric  ethyUc 
meconate,  07H3(C2H5)07,  separate,  and  on  evaporation  of  the  mother 
liquor  diethylic  meconate,  07H2(C2^5)2^7>  ^  obtained  as  an  oily 
liquid  which  solidifies  in  crystals. 

Sodium  amalgam  and  water  convert  meconic  add,  with  union  of 
six  hydrogen  atoms,  into  hydromeconic  acidy  O7H10O7. 

944.  By  long  boiling  with  water,  or  better  dilute  hydrochloric 
add,  or  by  heating  alone  to  200°,  meconic  add  gives  off  carbonic 
anhydride : 

C7H,07  =  CO2  +  CgH^Ofi, 

and  is  converted  into  comenic  add,  which  crystallises  in  hard 
granules  or  plates,  is  difficultly  soluble,  and  readily  yields  salts  con- 
taining one  equivalent  of  metal,  C^H^'MlO^,  Compounds  of  the 
formula  C^H^^i^s  ^''^  ^^7  obtained  in  the  presence  of  much  free 
ammonia.  The  only  ethylic  salt,  06H3(C2H5)05,  crystallises  in 
needles  melting  at  135°.  On  diy  distillation  comenic  add  splits  up 
into  carbonic  anhydride  and  pyrocomenic  acid : 

CeH^O^  =  CO2  4-  C^H.Oa, 

which,  however,  can  scarcely  be  termed  an  add,  as  it  crystallises  im- 
changed  from  a  hot  solution  of  potassic  hydrate.  Metallic  derivatives, 
such  as  (C5H303)2Ca,H20  and  C5H3Ag03,  can  only  be  obtained  in 
the  presence  of  much  free  ammonia  by  addition  of  the  acetates  of 
calcium,  barium,  and  lead,  or  of  argentic  nitrate.  Ethylic  derivatives 
have  not  been  obtained. 

From  these  properties  meconic  add  would  appear  to  be  a  dibasic 
hydroxy-add,  C5H02(OH)(CO.OH)2,  comenic  acid  : 

C5H2O2(0H).C0.0H, 

and  pyrocomenic  acid,  C5n302.0H.  Nothing  is  known  of  the  inner 
constitution  of  these  bodies. 

945.  Chelidonic  acid,  C7H40e,  is  obtained  from  the  sap  of  Cheli- 
donium  majtis,  by  slightly  addulating  with  nitric  add,  predpitating 
with  plumbic  acetate,  and  decomposing  the  resulting,  lead  salt  with 
hydric  sulphide.  It  crystallises  in  silky  needles  containing  one  mole- 
cule of  water  of  crystallisation,  difficultly  soluble  in  cold  water  or 
alcohol.  It  decomposes  at  220°  with  evolution  of  carbonic  anhydride. 
It  yields  salts  containing  three  equivalents  of  metals ;  they  are  of  a 
yellow  colour,  and,  with  exception  of  the  alkali  salts,  insoluble  in 
water.  The  hydric  salts  are  colourless,  like  the  add,  and  are  mostiy 
crystalline. 
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946.  The  term  *  aromatic  compounds'  has  been  applied  to  a 
large  class  of  bodies  derived  more  or  less  directly  from  benzene,  CeH^y 
by  the  substitution  of  one  or  more  of  its  hydrogen  atoms  by  other 
elements  or  compound  radicals,  similarly  to  the  bodies  of  the  fatty  or 
alkyl  seiies  which  are  derived  from  marsh  gas  or  methane,  CH4 
(§141,  Ac.) 

The  term  aromatic  was  applied  at  a  time  when  fewer  benaene 
derivatives  were  known  than  at  present,  and  on  the  supposition  that 
the  presence  of  the  benzene  nudens  in  any  body  accounted  for  the 
more  or  less  strongly  pronounced  aromatic  odour  possessed  by  these 
bodies ;  and  in  this  work  the  term  b  used  generally  to  indicate  that 
the  body  contains  the  benzene  nucleus,  whether  it  be  derived  from 
benzene  by  substitution  of  an  alkyl  group  or  from  the  introduction  of 
a  benzene  group  into  a  body  belonging  to  the  fatty  series. 

947.  Various  theories  have  be^  proposed  as  to  the  constitution  of 
the  benzene  nucleus.  The  one  which  has  perhaps  been  most  fruitful 
in  results,  and  best  supported  by  facts,  is  that  proposed  in  1865  by 
Kekul^,  according  to  which  the  benzene  nucleus  must  be  considered 
as  a  ring  or  closed  chain  of  carbon  atoms,  combined  to  each  other 
with  alternating  single  and  double  union,  and  so  that  each  carbon 
atom  is  combined  with  one  hydrogen  atom  only. 

This  may  be  expressed  in  one  plane  thus  : 

n.c==c.H 

/       \ 
H.C  O.H 

\       / 
H.C— C.H 

Several  important  facts  seem  to  support  this  theoiy  of  its  oon< 
stitution. 

1.  The  synthesis  of  benzene  from  acetylene,  by  passing  that  gas 
through  a  red-hob  tube,  when  it  may  be  supposed  to  combine : 

H.(SC.H  H.C=C.H 

/       \ 
H.C  C.H   =   H.0  C.H 

\     #  \      >/ 

H.C     C.H  H.C — C.H 


CONSTITUTION   OF  BENZENE.  557 

2.  The  power  which  benzene  possesses  of  combining  with  two, 
four,  or  six  atoms  of  bromine  or  chlorine  to  form  so-call€Kd  *  additive ' 
compounds,  behaving  towards  the  halogens  in  this  respect  like  three 
molecules  of  a  compound  each  of  which  possesses  a  double  carbon 
combination. 

The  fact  that  not  more  than  six  atoms  of  chlorine  or  bromine  can 
be  combined  with  benzene  is  a  decided  indication  of  a  closed  chain 
form  of  combination  of  the  carbon  atoms ;  for  in  the  case  of  an  open 
chain  a  compound  of  six  carbon  with  six  hydrogen  atoms  would  be 
able  to  combine  with  eight  atoms  of  chlorine  or  bromine,  as  in  the 
case  of  the  only  known  isomer  of  benzene,  dipropargyl  (§  932),  which 
combines  with  eight  atoms  of  bi'omine. 

In  these  additive  compounds  of  benzene  with  monad  elements 
the  divalent  unions  are  supposed  to  be  changed  into  monovalent,  the 
closed  formation  of  the  group  still  being  maintained : 

Br   Br 
H.C— C.H 

Br.  /       \.Br 

HKy  ^  XT 

.    >.  •  .xl 

Br.g- g.Br 
H     H 

The  comparative  instability  of  these  compounds  also  supports  the 
above  view  of  their  constitution. 

3.  Many  benzene  derivatives,  especially  the  benzene  carboxylio  adds, 
CeH4(CO.OH)2,  C6(CO.OH)6,  &c.,  are  acted  upon  by  nascent  hy- 
drogen, of  which  up  to  six  atoms  may  be  united,  and  frequently  can 
be  again  removed  by  chlorine  or  oxidising  agents,  with  regeneration 
of  the  original  acid. 

On  the  other  hand,  if  eight  hydrogen  atoms  are  added  to  a  satu- 
rated aromatic  compound,  which  can  be  effected  in  some  cases  by 
heating  to  about  200°  with  concentrated  hydriodic  acid,  derivatives  of 
the  paraffin  series  are  obtained,  which  no  longer  possess  the  character 
of  aromatic  compounds  and  cannot  be  converted  into  benzene  or 
benzene  derivatives  by  simple  moans. 

4.  The  six  hydrogen  atoms  in  benzene  all  appear  to  possess  the 
same  value ;  in  cases  where  only  one  hydrogen  atom  in  benzene  is 
replaced  by  an  element  or  compound  radical  it  is  a  matter  of  perfect 
indifference  which  atom  is  replaced,  the  mono-substituted  compound 
obtained  having  exactly  the  same  properties,  although  prepared  by 
methods  differing  so  as  to  ensure  that  different  hydrogen  atoms  should 
be  replaced  in  each  case.  No  isomeric  monosuhstituted  benzenes  Juwe 
been  obtained, 

948.  Chemical  Character  of  the  Benzene  Nucleus, — Substituted 
products  are  somewhat  easily  obtained  from  benzene  and  such  of  its 
derivatives  as  still  contain  some  hydrogen  atoms  in  connection  with 
the  benzene  nucleus,  by  the  action  of  the  halogens,  nitric  acid,  sulphuric 
acid,  <&c.,  in  the  case  of  the  two  last-mentioned  bodies  much  more 
readily  than  with  compounds  of  the  *  alkyl '  series. 

The  peculiarities  of  the  benzene  group  itself  are  exhibited  in  all 
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its  derivatives,  especially  in  some  of  its  hydrozyl,  nitro,  and  amido 
compounds. 

The  hydroxyl  substitution  products  or  hydrates  of  this  series 
OQrreq)ond  in  many  respects  to  the  alcohols,  only  that  the  hydrozylic 
hydrogen  is  much  more  readily  replaced  by  basic  metals.  Bariuniy 
calcium,  or  alkali  metal  compounds  may  be  obtained  from  monhy- 
droxy-benzene,  or  phenol,  CeHj.OH,  by  mixing  it  with  aqueous 
solutions  <^  the  respective  bases  and  evaporating.  And  it  is  from 
this  readiness  which  phenol  exhibits  to  form  compounds  with  strong 
bases  that  it  obtcdned  the  name  carbolic  acid,  although  it  has  no  real 
add  nature,  for  its  basic  compounds  are  easily  decomposed  by  carbonic 
acid  with  reproduction  of  phenol : 

2C6H5.0Na  +  OHj  +  COj  =  NajCOa  +  2C6H6.0H. 

The  hydrates  of  the  benzene  nucleus  occupy  electro  chemically  a  positioii 
between  the  alcohols  or  carbinols  and  the  acids  pix>per,  and  are  termed 
*  phenols.'  When,  however,  several  hydrogen  atoms  in  benzene  are 
substituted  by  hydroxyl,  or  by  hydroxyt  and  nitryl  or  halogens,  the 
products  are  c£  decidedly  acid  character. 

The  peculiar  chemical  properties  of  the  benzene  group  are  also 
exhibited  in  its  amido  derivatives.  In  the  case  of  alkylamines  (§  264), 
produced  by  the  substitution  of  the  ammonic  hydrogen  atoms  in  am- 
monia by  alcohol  radicals,  the  basic  character  is  intensified  by  each 
such  substitution,  CSH5.NH2  being  more  positive  than  NH3,  and  so 
on.  But  in  the  benzene  amides  the  reverse  is  the  case.  AnOine, 
phenylamine,  CeH^.NHs,  for  instance,  wOl  form  comparatively  stable 
salts ;  the  salts  of  diphenylamine,  (CgH5)2NH,  are  decomposed  by 
water,  and  triphenylamine,  (C6H5)3N,  does  not  combine  with  adds. 

M^.  Isomerism  in  the  PolysiihstittUed  Products  of  Benzene, — 
Most  important  support  is  given  to  the  above  view  of  the  constitution 
of  benzene  by  the  study  of  the  isomeric  bodies  produced  by  the  sub- 
stitution of  several  hydrogen  atoms  in  the  benzene  nucleus,  the  differ- 
ences in  physical  and  chemical  properties  bdng  referable,  as  also  in  the 
case  of  ethane  derivatives,  to  Uie  relative  position  of  the  substituting 
groups  to  each  other. 

The  simplest  products  result  when  the  substituting  elements  or 
radicals  are  the  same. 

950.  If  two  hydrogen  atoms  in  benzene  be  substituted  by  the  same 
element  or  compound  radical  three  cases  of  isomerism  arise,  depending 
on  the  relative  position  of  these  substituting  elements  or  radicads. 

1.  If  the  substitution  take  place  at  neighbouring  carbon  atoms, 
artho  derivatives  are  produced,  thus : 

X 

c 

/\ 

H.C     0.x 
H.C     C.H 


Y 


ISOMERISM.  559 

Ify  for  oonvenienoe  of  leferenoey  the  carbon  atoms  be  numbered : 

H 
C 

/'\ 
HCj    ,CH 

V 

H 

then  these  ortho  derivatiyes  may  be  designated  by  the  figures 

X:X  =  1:2 

or  by  any  other  two  consecutive  numbers. 

2.  If  one  CH  group  be  situated  between  the  carbon  atoms  at 
which  substitution  has  taken  place,  the  products  are  termed  meta 
derivatives,  and  may  be  represented  by  the  convention  of  numbering 
thus:  X:X=l:3or  1:5  : 

X 

c 

H.C      CH 

II        I 
H.C      C.X 


Y 


H 

3.  When  the  substitution  takes  place  at  those  carbon  atoms  sup- 
posed to  be  £Euiihest  removed  from  each  other  bodies  of  the  para 
series  result :  X :  X  =  1 : 4  : 

X 

c 

H.C     CH 

H.C     C.H 

C 
X 

In  such  bodies  two  CH  groups  occupy  positions  between  the  car- 
bons at  which  substitution  has  taken  place. 

It  was  assumed  by  KekuU  that  ^e  positions  ^represented  i)y  the 
numbers  1  and  2  were  identical  with  1  and  6,  and  so  on ;  so  that  only 
three  isomers  of  a  disubstituted  benzene  could  exist.  The  identity  of 
these  positions  has,  however,  been  disputed,  for  it  will  be  observed  in 
the  figure  that  in  one  case  the  carbon  atoms  are  united  by  double 
bonds  and  in  the  other  by  single  only,  and  if  this  coidd  cause  any 
physical  or  chemical  difference  four  isomeric  modifications  of  disub- 
stituted benzenes  should  exist ;  but  direct  experiments  appear  to  show 
that  if  a  substance  has  been  prepared  by  methods  so  devised  as  to  lead 
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to  che  two  npladn^  groapi  «xcvp7iiij^  the  pct^itroos  1  :f  and  1  :€ 
ifapectiTelT,  the  body  obokmed  bj  both  methods  is  idoLtieaL 

ML  la  the  cuk  of  the  crisTihednidoEi  deriTsiciTes  of  bcnaene, 
vfaere  the  .-ahsthatizi^  agent  is  the  auxLe.  oclIt  three 


O 


1.  One  product  vith  nex^bofxring  pcsitioDS  : 

1.2.3. 

2.  One  product  with  tv«>  pi:«ftioiii*  adpcent : 

1.2.4. 

3.  One  product  not  contain -n 2  nei^boarmz  poatioiks  : 

1.3.5. 

It  hu  been  profneed  to  tem  th«$e  three  isomeric  Sxbis 
•BCntiTe,  oiHjmiiiecncmlr  Juid  sjmm<?tri£mL  the  imsaning  of  them 
bemg  dearlj  shown  bj  the  formala  giTcn  beiow  : 

XXX 

I  c      I  ' 

\/  \/ 

X 

Coodccntpne. 

In  these  abridged  formolv,  which  are  frequentlr  used,  the  hexaigon 
lepreeente  the  benzene  nndens,  Le.  the  ax  carbon  atoms,  and  sock 
hrdrogen  atoms  as  are  still  nnreplaced. 

It  is  more  ctHnj^icated  when  only  two  of  the  three  sabsthiiting 
dements  or  radicals  are  alike.  e.g.  C^H^X^Y,  and  still  more  so  wiien 
all  three  are  nnHke,  e^.  C^TL^.X^Y^. 

In  the  latter  case  no  less  than  ten  Lsti'mers  must  occur,  the 
positions  1.2.3  giving  three  ia»>mers  in  the  order  X.Y.Z.,  X^T., 
Y.X-Z..  whilst  1.2.4  woold  give  six  isomers  in  the  order  X.Y-Z., 
X^.Y.,  Z.Y.X.,  Z.X.Y.,  Y.Z.X..  and  Y.X.Z.,  and  1.3.5  woold 
correspond  to  onlj  one  isomer. 

9M.  Four  similar  groups  or  dements  substituting  in  h*^»^TM» 
give  rise  to  the  same  number  of  isomers  as  with  the  disubstitntion 
prodocts,  fcH"  C^HjXi  and  C^H^X^  have  the  same  relation  to  each 
other. 

The  isomers  would  be  1:2:3:4,  1:2:4:5,  and  1:3:4:5. 

The  same  relationship  exists  between  the  penta-subsdtuted  and 
mono-substituted  benzenes : 

CeHXj  and  C^H^X, 

so  that  only  one  modification  can  exist,  and  so  likewise  with  a  com- 
pletely substituted  benzene,  C^Xi^,  as  long  as  the  re|>lacing  dements  or 
groups  are  similar.  Very  compUcated  cases  of  isomerism  arise  where 
in  poly-substituted  benzenes  all  the  entering  radicals  are  dissimilar  ; 
and  in  these  cases  the  individual  isomers  are  the  more  difficult  to 
separate  and  distinguish  the  greater  their  number,  in  consequence  of 
fltijo^ier  differences  in  chemiad  and  ph^-sical  diaracter:  so  that  the 
inTestigation  of  thebe  relationships  is  confined  within  very  narrow 
limits. 
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953.  Increase  in  Number  of  Isomers  hy  SvhstUutUm  in  Side 
C ha/ins. — By  substituting  hydrocarbons  for  the  hydrogen  in  benzene  a 
much  greater  number  and  variety  of  isomeric  bodies  may  be  obtained, 
since,  in  addition  to  the  benzene  hydrogen  atoms,  the  hydrogen  of  the 
substituting  hydrocarbon  gix)ups  may  be  replaced. 

With  methyl  benzene  or  toluene,  for  instance,  the  substitution  may 
take  place  either  in  the  benzene  nucleus,  C6H4X.CH3,  or  in  the 
methyl,  CgHj.CHj.X,  and  so  on. 

Determination  of  Position  Isomers  in  the  Benzene  Nw^l/eus, 

954.  The  determination  of  the  places  or  points  of  substitution  in 
poly-substitution  derivatives  of  benzene  has  been  carried  out  with  con- 
siderable certainty,  mostly  with  di-derivatives  and  to  a  less  extent  with 
tri-derivatives. 

Some  few  only  of  the  leading  arguments  concerning  the  determina- 
tion of  these  points  of  substitution  in  benzene  derivatives  can  be  given 
here. 

As  mono-substitution  products  give  no  isomers,  and  di-substitution 
products  at  most  three,  it  is  only  necessary  to  determine  to  which 
series,  ortho,  meta,  or  para,  the  derivative  body  belongs. 

The  most  general  reference  in  use  with  respect  to  di-derivatives  of 

benzene  has  been  to  the  constitution  of  the  three  isomeric  benzene  di- 

CO  OH 
carboxylic  acids,  ^6^4  po  OTT'  phthalic,  isophthalio,  and  terephthalic 

acids,  the  first  being  considered  as  in  the  ortho  position  =  1:2;  the 
second  as  meta,  1:3;  and  the  last  as  the  para  compoimd,  1:4;  and, 
so  far  as  it  has  been  possible  to  convert  any  other  di-substitution 
product  of  benzene  into  any  one  of  these  acids  by  any  moderately 
easy  and  direct  process,  these  compounds  have  been  looked  upon  as 
belonging  to  the  same  series,  ortho,  meta,  para,  as  the  case  might  be. 

But  this  method  is  not  always  i^eliable  or  definite,  as  it  happens 
sometimes  that  the  same  body  will,  after  treatment  and  patting 
through  various  intermediate  compounds  and  stages,  give  more  than 
one  acid  of  the  formula  C6H4  :  (C0.0H)2,  this  being  especially  the 
case  when  veiy  high  temperatures  have  been  employed,  under  the 
influence  of  which,  as  has  been  proved,  one  isomeric  state  may  change 
or  pass  into  another  of  a  more  stable  kind  under  those  conditions. 

A  strong  argument  for  the  assignment  of  the  ortho  position  to 
phthalic  acid  is  its  production  from  naphthalene,  CioHg,  by  oxidation. 
The  probable  constitution  of  this  body,  and  the  resulting  phthalic  add, 
according  to  Graebe,  is  : 

H.C      C.H  H.C 

.  /V\  ^^^ 

H.C      C      C.H  H.C      C— CO.OH 

I       II       I  I       II 

H.C      C      C.H  H.C      C— CO.OH 

\/\/  V 

H.C      C.H  H.C 

Naphthalene.  Phthalic  acid. 

This  view  of  the  constitution  of  phthalic  acid  is  also  supported  by 
the  fact  that  it  alone  of  the  three  benzene  dicarboxylic  adds  yields  an 

o  o 


562  ABOMATIC  COMPOUNDfi. 

anhydride,  H^C^)^     pfi^f  ^Y  ^^V^y  heating,  in  an  analogous  mjUQ- 

ner  to  maleic  and  succinic  acids,  and  again  by  the  ease  with  whidli  it 
is  totally  oxidised  to  water  and  carbonic  acid  by  chromic  acid. 

This  last  property  seems  especially  to  characterise  ortho  compoundB 
in  which  the  substituting  groups  already  contain  oxygen  or  hydro- 
carbon radicals. 

It  appears,  indeed,  to  be  a  general  fiEust  that  oxidation  takes  place 
with  the  greatest  ease  at  those  carbon  atoms  or  groups  to  whidi 
oxygen  or  oarboxyl  groups  are  already  attached,  and  especially  also 
when  at  the  same  time  the  neighbouring  carbon  atoms  are  connected 
by  divalent  union,  as  in  this  case. 

The  meta  pontion  is  assigned  to  the  carboxyl  group  in  isophthalic 
acid  on  account  of  its  derivation  from  mesitylene,  CgHs.^CHj),.  This 
body  I'esults  from  the  abstraction  of  three  molecules  ot  water  from 
three  molecules  of  acetone,  CH3.CO.CH3y  under  the  influence  of  sul- 
phuric acid,  and  similarly  from  three  molecules  of  aUylene. 

In  the  latter  case  the  process  may  be  thus  represented  : 

C.H  C.H 

1.     CH3.C        C.CH3  CH3.C     C.CH, 

NL        =  I     II 

H.C        C.H  H.C      C.H 

C.CH^  C.CH3 

or, 

C.H  C.H 

OH3C  C.OH,  H,C.C      C.CH, 

2.  Ill  I       II 

H.C  C.H  H,C.C      C.H 

%  \/ 

c.cH,  g 

H 

Mesitjlene. 

Of  the  two,  1  seems  the  most  rational,  as  in  this  case  each  of  the 
three  acetone  molecules  behaves  in  a  similar  manner,  the  product 
being  therefore  symmetrical  as  expressed  by  the  position  numbers 
1  :  3  : 5 ;  and,  further,  it  has  been  shown  that  all  three  hydrogen  atoms 
still  attached  to  the  benaene  nucleus  have  the  same  value,  i.e.  in  the 
case  of  mono-substitution  products  it  is  a  matter  of  indifierence  which 
hydrogen  atom  is  substituted ;  this  would  only  be  the  case  with  a  body 
of  the  first  formula. 

By  gentle  oxidation  mesitylene  yields  mesitylenic  acid  : 

^«"^CO.OH 

which  on  distillation  with  calcic  hydrate  splits  up  into  carbonic  acid 
and  a  dimethyl  benzene,  or  isoxylene,  C^TL^  :  (CH3))  in  which,  from 
the  method  of  its  |»x)duction,  the  two  methyl  groups  occupy  the 
positions  1 : 3. 

AccordiDg  to  the  first  of  the  above  formube  of  mesitylene,  isoccyleiie 
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can  only  have  this  meta  constitution,  and  therefore  the  isophthalic  acid 
obtained  firom  it  by  oxidation  is  considered  to  be  benzene  meta-dicar- 
boxylic  acid.  These  relations  may  perhaps  be  better  seen  by  com- 
paring the  three  formulae : 

QH3  CH,  CO.OH 

C  C  C 

H.C      C.H         H.C      C.H        H.C      C.H 


HjC.C      C.CH3    H.C      C.CH3    H.C      O.CO.OH 


Y 


H  H  H 

Mesitylcne.  Isoxylene.  Isophthalic  acid. 

If  the  above  deductions  be  correct  terephthalic  acid  can  only 
occupy  the  remaining  or  para  position  in  the  benzene  nucleus. 

664a.  A  further  method  of  determining  the  relative  positions  to 
be  assigned  to  the  various  replacing  elements  or  groups  in  the  disub- 
stitution  derivatives  of  benzene  has  lately  been  devised  by  Korner, 
which  is  free  from  the  objections  raised  against  the  previous  methods, 
inasmuch  as  high  tempei'atures  are  not  employed.  It  consists  in 
determining  t^e  number  of  tri- substitution  derivatives  that  can  bo 
derived  from  or  converted  into  any  di-substitution  derivative  of  ben- 
zene. 

In  the  case  of  an  ortho  compound  it  will  be  possible  to  obtain  two 
isomeric  tri-derivatives : 

C.X  cx  ex 

HC      CX  HC      CX  HC      CX 

I        II        giving  rise  to         |        ||       and         |        || 
HC      CH  HC      CX  HC      CH 

y  y      Y 

H  H  X 

A  meta  compound  can  yield  three  isomeric  tri-derivatives  : 
CX  CX  CX  CX 

/\  /\       /\        >^ 

HC   CH     HC   CX  HC   CH    HC  CH 

I       II     giving      I       fl  I       II      and      |       fl 

HC      CX  HC      CX     HC      CX        XC      CX 

y      y    Y     y 

whilst  with  a  para  compound  only  a  single  tri-derivativo  can  be 
obtained: 

CX  CX 


HC      CH  HC      CX 

I       II     giving  only      I       || 
C      CH  HC      C 

^-        y 


HC      CH  HC      CH 

y 


002 


5*4  ABl^MLlTIi:   CO 
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di-dnvmkET«i;    and,  fimJIj^  tiie  tjmmebaal  txi-denrmtm 


can  onlj  be  obtained  from  the  meta  di-deriTatire 


In  those  cases,  on  the  otiier  hand,  where  the  thiri  replacing  groap  i< 
difierent  from  that  oocaning  m  thedi-«ienv;Ative.  and  where,  therefore. 
tax  tri-deriTatiTes  are  possible,  thesie  bodies  woald  be  all  difierent.  For 
instance,  taking  the  nitn>Kiibrom  benzenes  : 


woold  TieU 


Br 

/x 


N 


Br 

/\3r 


Br 


Br 


Br 


wooU  rield 

Br 


Br 


NO,  NO, 

ThiM  has  been  carefhlly  worked  out  for  the  dibrom-benaenes,  and 
it  in  farther  found  that  dibrom-benzene  which  gives  only  a  single 
Iri-deriTatiTe  can  be  converted  by  simple  means  into  terephthalic  acid, 
and  similarly  that  the  dibrom-benaene  giving  rise  to  three  tri-deriva- 
tives  is  convertible  into  isophthalic  acid,  thus  fully  corroborating  the 
previous  ideas  that  terephthalic  acid  was  a  para  (1.4)  compound, 
isophthalic  a  meta  (1.3)  compound,  and  leaving  the  ortho  (1 . 2)  as  the 
ODJy  position  for  phthalic  acid. 
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BENZENE  AND  ITS  SUBSTITUTION  DERI\rATIVES  BY 

CARBON  FREE  RADICALS. 

Benzene,  C^Hq. 

955.  Benzene  is  obtained  synthetically  by  passing  acetylene 
through  tubes  heated  to  whiteness  (§  947,  1),  and  this  probably 
explains  its  occurrence  amongst  the  fluid  products  of  the  dry  distilla- 
tion of  many  organic  bodies.  Many  dense  hydrocarbons  and  homo- 
logu'es  of  benzene  also  yield  that  body  on  exposure  to  a  very  high 
temperature,  which  may  possibly  account  for  its  presence  in  coal-tar 
oil  along  with  many  of  its  homologues,  with  phenols,  aniline,  pyridine 
bases,  and  solids  like  naphthalene,  anthracene,  phenanthrene,  &c. 

Chemically  pui«  benzene  may  be  prepared  by  carefully  distilling 
calcic  benzoate  or  benzoic  add  with  quick- lime : 

CfiHs.CO.OH  -f  CaO  =  CaCOj  +  CgHe, 

and  similarly  by  distilling  the  polybasic  benzoic  acids  with  excess  of 
calcic  oxide,  e.g. 

C6H3(CO.OH)3  +  3CaO  =  SCaCOj  +  C^Hg ; 

also  by  passing  its  hydroxyl  substitution  derivatives  over  strongly 
heated  zinc  dust : 

CeH^.OH  +  Zn  =  ZnO  +  CgHe. 

On  the  manufacturing  scale  benzene  is  always  obtained  from  the  coal- 
tar  oil  boiling  below  100°. 

Coal  tar  is  separated  by  distillation  into  three  principal  fractions. 

1.  Light  ail:  is  lighter  than  water,  principally  contains  benzene 
and  its  homologues. 

2.  Heavy  oil :  sinks  in  water  and  consists  principally  of  phenols 
and  volatile  bases  and  naphthaline. 

3.  Solid  hydrocarbons. 

The  light  oil  is  treated  in  rotation  with  sulphuric  acid,  strong 
potash  solution,  and  water  to  remove  bases  and  phenols,  and  the 
remaining  oily  portion  fractionally  distilled  several  times;  the 
portion  between  80°  and  90°  is  then  treated  with  about  y^^  of  its 
weight  of  concentrated  sulphuric  acid,  and  digested  with  this  for  some 
hours  in  order  to  remove  hydrocarbons  of  the  CnH,„  and  CnHjn.a 
series.  It  is  then  washed  with  water,  and  the  treatment  repeated  if 
strong  sulphuric  acid  causes  any  blackening  when  warmed  with  it. 
It  is  again  fractionally  distilled  and  the  portion  under  90°  sub- 
mitted to  a  freezing  mixtura,  when  the  benzene  crystallises.     The 
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cryiitab)  are  premed  at  a  low  temperature  to  remove  liquid  hooiokigam 
and  the  cryHtalliBation  repcate<l  fieveiul  times. 

At  tlie  ordinary  temfjerature  benzene  is  a  mobile,  ocdourlesB  liquid, 
of  [loculiar  o^loar,  quickly  cauidng  headache  if  breathed,  of  sp.  gr.  '899 
at  0^.  It  formn  largo  fern-shaped  crystals,  which  melt  at  5*5^.  It 
}x>i]H  at  80*5°  and  lias  a  vapour  density  of  2*675.  It  is  wcmxttij 
soluble  in  water,  to  which,  however,  it  imparts  its  odour,  bat  is  actable 
in  aIcr>hol  and  ether  in  all  prf>[iortions.  On  gently  heating  it  dift* 
solves  in  506  times  its  bulk  of  sulphuric  acid.  B^izene  is  laigelj 
used  AS  a  wjlvent  for  caoutchouc  and  guttapercha,  resins,  fiits,  Ac. ; 
it  alsfj  dissolves  phosphorus,  sulphur,  iodine,  and  many  organic  bodiea. 
It  evaporates  very  rapidly  even  at  a  low  temperature,  and  bums  in 
air  with  a  highly  luminous,  smoky  flame.  Benzene  vapoor  passed 
through  a  red-hot  tube  yields  diphenyl  and  hydrogen  : 

2CeH6  =  CellftCeHs  +  H, ; 

fiaraili[)henyl-V>en2ene,  and  small  quantities  of  other  produetB  if  the 
i^enzene  !«  slightly  impure.  It  forms  an  explosive  oompoond  with 
[lotsHKium  when  heated  with  it  to  250°. 

MoHt  oxiilining  agents  completely  oxidise  benzene  to  carbonic  anhy- 
dride and  water.  Chromylic  chloride,  OrOjOla,  however,  gives  in  acetic 
solution  a  trichlor-quinone,  CcHOIjOq.  When  gently  heated  with 
sulphuric  acid  and  manganic  oxide,  carbonic  and  formic  acid  are 
produc(*d,  and  very  small  quantities  of  benzoic  and  phthalic  acids. 
By  iH^itiiig  for  a  long  time  to  about  300°  with  concentrated  faming 
hydric  icxlido  containing  a  small  quantity  of  free  iodine,  it  is  con- 
vort<!d  into  hex/mo,  C-gHi^. 

Addition  Products  op  Benzene. 

956.  On  oxi)o&ing  a  mixture  of  bcnzime  with  bromine  to  sunlight, 
or  on  iNLssing  oxci^ss  of  chlorine  gas  into  benzene,  also  in  sunlight,  two 
kiiHls  of  products  are  formed,  addition  products  (§  947,  2)  and  sub- 
stitution products. 

Of  tlie  former  the  compounds  CclIgBrg  and  CelleClg  are  the 
end  piNMlucts  of  the  action  of  thaso  two  reagents.  Intermediate  bodies, 
( 'oH„Hr2,  CfillQUv^y&c,  no  doubt  exist  in  the  crude  product,  but  have 
not  iHKjn  isolattnl  with  coi-tainty. 

Th()  liodios  CgTIrjBrp,  and  CeTIcClc  are  colourless  crystalline  solids, 
insoluble  in  water,  which  decomi>oso  on  heating  : 

i\UeBr^  =  3HBr  +  CeHgBra. 

This  iTnction  takes  place  with  still  greater  ease  when  they  are 
hcaUnl  with  alkalies  (§  471). 

lie'uzf'nti  hrxachhride,  CgHgClg,  melts  at  157°,  dissolves  in  warm 
alcfihol,  (^ther,  and  l)enzene,  h*om  which  it  crystallises  in  large  needles. 

linizt^ne  hexahromide,  CgHgBrg,  cannot  be  melted  without  deoom- 
{XMition,  and  is  much  mora  insoluble  than  the  chlorine  compound. 

\\y  the  notion  of  a  cold  aqueous  solution  of  chlorous  acid  on  benzene 
for  some  days,  a 

Ht^nzeiiA  irichlor  trihydrate^  Qf^\l^Q\^(OWi^,  is  produced.  It  is 
<»xtracti»d  from  the  mixture  by  shaking  with  ether,  and  forms  colonr- 
I(»j<8  plates  melting  at  10°,  nearly  insoluble  in  wat»r,  but  dissolving  in 
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most  other  solvents.  On  warming  with  dilute  sodic  hydrate  solution 
it  passes  into 

Fhenose,  benzene  heocahydrcUe,  C6H6(OH)e,  an  amorphous  hygro- 
scopic body,  which  gives  secondary  hexyl  iodiae,  CgHial,  on  heating  to 
120®  with  hydric  iodide. 

MONO-SUBSTITUTION   DeBIVATIVES  OF   BeNZENE  OR 

Phenyl  Compounds. 

957.  Haloid  Derivatives, — Chloi-ine  and  bromine  displace  hy- 
drogen in  benzene  at  the  ordinary  temperature,  especially  in  the 
presence  of  iodine.  The  first  products,  CgHftCl  and  CgHjiBr,  readily 
pass  into  the  higher  haloid  bodies,  from  which  they  require  to  be 
separated  by  distillation.  lodo-benzene  can  only  be  obtained  by  the 
simultaneous  action  of  iodine  and  iodic  acid  on  benzene : 

SCfiHg  +  21,  +  HIO3  =  SCfiHgl  +  3HjO. 

The  reaction  requires  a  temperature  of  about  200°.  All  the  mono- 
haloid  compounds  may  be  easily  obtained  by  the  action  of  haloid 
phosphorus  compounds  on  phenol : 

CfiHft.OH  +  PClft  =  POaj  +  HCl  +  CfiHaCl. 

The  reaction  : 

C^Hs.OH  +  HCl  =  HaO  -h  CfiH^Cl, 

is  very  difficult  to  obtain  and  requires  a  temperature  of  at  least  200®. 

Monochtor-henzenej  phenyl  chloridef  C^sCl,  is  a  colourless  liquid  ; 
it  boils  at  132®,  sp.  gr.  1-128  at  0°. 

Monobron^benzene,  phenyl  bromide,  CgHgBr,  boils  at  154®,  sp. 
gr.  1-517. 

Moniod'benzene,  phenyl  iodide,  CgHgl,  boils  at  185®,  sp.  gr. 
1-69. 

Monofluor-benzerye^  phenyl  fluoride,  CgH^Fl,  obtained  by  distilling 
fiuobenzoic  acid  with  lime,  melts  at  40®  and  boils  a  little  above  180®. 

Oxygen  Derivatives, 

958.  Hydroxybenzene,  phenyl  hydrate,  phenol  or  carbolic  add, 
CgHfi.OH,  occurs  in  heavy  coal-tar  oil,  in  ca.stor  oil  (cfistoreum),  and 
in  the  urine  of  herbivorous  animals. 

It  is  obtained  from  heavy  tar  oil  by  shaking  with  strong  soda 
solution,  in  which  it  dissolves  to  form  tlie  compound  CgH.i^.ONa. 
The  aqueous  layer  is  separated  from  the  neutral  oils,  and  the  phenol 
precipitated  by  neutralising  with  hydric  chloride.  The  crude  product, 
containing  crosol  and  other  phenols,  is  then  dried  by  means  of  calcic 
chloride  and  distilled.  The  fraction  obtained  between  180®  and  190® 
crystallises  on  cooling,  the  crystals  being  separated  by  preasure  and 
filtration  from  the  portions  remaining  in  a  liquid  state. 

Pure  phenol  forms  large  colourless  prisms,  which  melt  at  40®,  have 
a  })eculiar  smoky  odour  and  burning  taste,  dissolve  in  15  parts  of 
water  at  the  ordinary  temperature  and  in  all  proportions  in  alcohol 
and  ether.  It  boils  at  183®  and  has  sp.  gr.  1*08  at  0®.  It  acts  very 
powerfully  on  the  skin,  completely  destroying  it,  and  a^cts  aa  an  ener- 
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getic  poison  to  plants  and  animals,  germs,  ke.y  and  for  this  reason  is 
largely  employed  as  a  disinfectant  and  antiseptic  to  prevent  decom- 
position and  putrefiuHiion  in  oi-ganic  substances.  The  efficacy  of  the 
meat-smoking  process  depends  essentially  on  the  presence  of  small 
quantities  of  phenol  in  the  smoke. 

An  aqueous  phenol  solution  gives  a  beautiful  violet  reaction  with 
ferric  chloride  and  a  white  precipitate  of  tribrojn-phenolj  CsHsBrg.OHy 
even  in  very  dilute  solutions  when  mixed  with  bromine  water. 

959.  PhenylfU€9, — These  bodies  are  the  metallic  derivatives  of 
phenol ;  they  correspond  to  the  alkylates,  and  are  derived  from 
phenol  by  the  action  of  basic  oxides  and  hydrates.  They  are  decom- 
posed even  by  carbonic  acid. 

The  alkaline  phenylates  are  obtained  by  simply  dissolving  phenol 
in  the  alkaline  hydrate  solution.  They  are  white  crystalline  bodies, 
soluble  in  alcohol  and  ether.  Sodium  phenylcUe,  C^Hg.ON'a,  is  more 
soluble  Uian  the  potassic  compound.  Baric  and  calcic  phenylates  are 
also  crystalline  soluble  compounds. 

960.  Phenyl  ether,  axydibenzene,  diphenyl  oxide,  CgHj.O.CgHs, 
is  obtained  by  mixing  diazo-benzene  sulphate  (§  977)  and  phenol, 
and  together  with  other  products  by  the  dry  distillation  of  cupric 
benzoate.  It  crystallises  in  long  colourless  needles,  melting  at  28** 
and  boiling  at  246^,  and  is  soluble  in  alcohol  and  ether,  but  not  in 
water. 

By  heating  potassic  phenylate  with  alkyl  iodides,  the  alkyl  phenyl 
ethers  are  formeid : 

CeH5.0.K  4-  ICnHj+i  =  KI  +  CgHj.O.CnHjn  +  i. 

They  are  all  colourless  liquids,  insoluble  in  water,  and  which  may  be 
dist^led.  On  heating  with  strong  hydric  iodide  to  130°  they  are  re- 
converted into  alkyl  iodide  and  phenol. 

Methyl-phenylrether,  anisolj  CHj.O.CgHj,  is  prepared  by  distilling 
anisic  add  with  baric  hydrate : 

^«^^'oaOH  +  MO^h  =  BaCOa  -f  OH,  +  CeH^.O.CHj. 

It  boils  at  152^. 

Ethyl-phenyl^ther,  CeHj.O.CjHs,  boils  at  172°.  fsoamyl-phenyl- 
ether,  CsHn.O.CeHj,  boils  at  225^ 

Ethylene-diphenyl-ether,  €2114(0.06115)2,  obtained  from  ethylene 
dibromide  and  sodium  phenylate,  melts  at  95°. 

961.  Ethereal  Salts  of  Phenol. — Acids  do  not  yield  salts  with 
phenol  directly,  but  salts  may  be  obtained  from  the  anhydrides  and 
add  chlorides. 

Phenyl  phosj^ateSy  C6H5.H2PO4  and  (C6H5)2HP04,  are  prepared 
from  phosphoric  anhydride  and  phenol.  (06H5)3P04  is  obtained  by 
the  action  of  phosphoric  chloride  on  phenol.  Acety  lie  chloride  acting  on 
phenol  gives  phenylie  acetate,  O6H5.O.CO.OH3,  a  colourless  liquid 
boiling  at  193°.  Oarbonic  oxy chloride  gives  a  phenylie  carboncUe, 
(05H50)20O,  forming  shining  colourless  needles,  melting  at  78°. 

Sulphur  Derivatives. 

962.  ffydro-thiobenzene,  phenyl  mereaptan,  C^Hj.SH,  prepared 
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hy  the  action  of  phosphoric  sulphide  on  phenol,  and  by  the  reduction 
of  phenyl  sulpho-^^hloride  with  zinc  and  hydric  chloride  ^ 

CeHg.SOaCl  +  3H2  =  2OH2  +  HCl  +  CfiHft.SH, 

is  a  colouriess  stinking  oil  of  sp.  gr.  1*078  and  boiling  point  166°- 
168°.  With  sodium  it  forms  CgHij.SNa,  and  gives  a  mercury  com- 
pound by  heating  its  alcoholic  solution  with  mercuric  oxide  : 

(CoH,.S),Hg, 

which  on  heating  gives  HgS  and 

Diphenyl  sulphide,  CeHs.S.CeHs,  a  colourless,  disagreeably  smell- 
ing oil  of  boiling  point  292°.  It  is  sdso  formed  during  the  preparation 
of  phenyl  mercaptiin. 

Diphenyl  disulphidey  CgHft.Sa.CelJs,  is  obtained  by  the  decompo- 
sition of  sodium  thio-phenylate  wi^  iodine  (§  242),  and  from  the 
mercaptan  by  oxidation  with  dilute  nitric  acid,  or  with  atmospheric 
oxygen  in  ammoniacal  solution  : 

2CeH5.SH  +  O  =  OHa  +  (CeHs.S)^. 

It  forms  colourless  crystals  melting  at  62°,  soluble  in  alcohol  and 
ether. 

963.  Fhenyl-sulphonic  add,  benzene  monotttdp?um{c  acid : 

CgH5.SO2.OH, 

is  produced  by  the  oxidation  of  phenyl  mercaptan  or  phenyl  sulphide 
with  dilute  nitric  acid,  and  by  the  solution  of  benzene  in  weak  fuming 
sulphuric  acid.  In  the  latter  case  it  is  separated  from  the  excess  of 
sulphuric  acid  by  dilution  with  water  and  saturation  of  the  solution 
with  baric  or  plumbic  carbonates. 

Baric  phenyl-stdplionate,  (C(jH5.S02.0)2Ba,OH2,  forms  pearly  crys- 
tals, whose  aqueous  solution,  on  exact  neutralisation  with  sulphuric 
acid,  gives  the  free  sulphonic  acid,  which  may  be  obtained  on  evapora- 
tion in  four-sided  tables  of  the  formula  (06H5.SO2.OH)2,3OH2. 

The  potassic  salt  of  this  acid,  when  fused  with  potash,  gives 
potassic  phenylate : 

C6H5.SO2.OK  +  2K0H  =  K2SO3  +  OH2  +  CeHa.OK, 

afibrding  a  means  by  which  benzene  can  be  directly  converted  into 
phenol. 

On  warming  an  intimate  mixture  of  the  sodium  salt  of  the  acid 
with  phosphoric  chloride' and  subsequent  treatment  with  water 

Phenyl  sutpho-chloride,  C6H5.SO2CI,  is  produced  as  a  colourless, 
heavy  oil ;  it  is  crystalline  below  0°  and  boils  at  246°-247°. 

It  is  slowly  decomposed  by  boiling  with  water  into  phenyl 
sulphonic  and  hydrochloric  acids,  and  is  converted  by  tin  and  hydro- 
chloric acid  into  phenyl  mercaptan,  and  by  ammonia  into  phenyl 
s^dphonamide,  C6H5.SO2.NH2.  This  latter  forms  colourless  plates 
melting  at  149°. 

Phenyl  aulpho-chloride,  when  treated  with  sodium  amalgam  in 
ethereal  solution,  gives  sodic  chloride  and  the  sodium  salt  of  phenyl 
stUphinic  acitl : 

C6H,.S02C1  +  Naa  +  NaCl  +  CgHj.SOjNa, 
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from  which  the  free  acid^  C^^H^.BO^H,  can  be  obUined  in  Iain 
prunut,  difficultly  soluble  in  cold  water  and  melting  at  68^-69^.  It 
m  eaifily  oxidised  to  the  iml phonic  acid,  and  is  converted  into  ptkenjl 
fralphr>-ch]oride  by  chlorine. 

Stdpho-benzide,  diphenyl-ftolphoryl,  (C^ll^)^i029  is  formed  by  Hie 
action  of  fralphuric  anhydride  on  ben2»ia : 

2CeHe  +  280,  =  (CcH,)j80,  +  H^„ 

and  by  oxidation  of  diphenyl  sulphide  with  chromic  acid.  It  cryBtalliaes 
from  alcohol  in  colourleiM  rhombic  tables,  almost  insoluble  in  boiling 
water,  melting  at  128°,  and  distilling  without  change. 

Nitrogen  Derivalive$, 

904.  NUro-henxene^   C9H5.NO2,   is   made    by  graduaUy  adding 
benzene  to  cold  fuming  nitric  acid  so  long  as  it  dissolves  : 

CcHg  +  HO.NOj  =  OH,  +  CeH5.NO,, 

and  then  precipitating  with  water.  The  oily  product  is  washed  with 
soda  solution  and  distilled.  When  pure  it  is  a  light  yellow  oU, 
which  may  be  obtained  in  crystals  at  a  low  temperature,  and  then 
meltA  at  3'' ;  it  boils  unchanged  at  205'' ;  its  sp.  gr.  =  1*2  at  O"".  It 
is  used  in  perfumery  under  the  name  of  essence  of  mirbane,  and  is 
manufactured  in  enormous  quantities  for  the  preparation  of  aniline 
and  its  derivatives. 

AnUme, 

966.  Amiflo-heTizene,  phenylammef  aniline^  C^Hj.NHj,  is  found 
in  the  higher  distillates  from  coal-tar  oil»  from  which  it  may  be  re- 
moved along  with  other  l)asos  by  shaking  with  diluted  sulphuric  acicL 
Aniline  may  l^e  obtained  by  a  variety  of  methods,  some  of  which 
will  bo  dcHcrilKKl  in  full  further  on. 

Tlio  phenylamine  or  aniline  used  for  the  production  of  the  so- 
called  aniline  colours  is  obtained  by  the  reduction  of  crude  nitro- 
Iwuzeno  with  nfju^cent  hydrogen  : 

C  Jf  fl.NO.,  -f  3H2  -f  2OH2  -f  CoHfl.NHa. 

This  takes  place  very  easily  in  an  acid  solution — hydrochloric  or 
sulphuric  acid,  <kc.,  with  tin  or  zinc,  or  iron  and  acetic  acid — or  in 
alkaline  solution  with  arsenious  oxide  and  grape  sugar.  The  most 
general  method  is  with  iron  and  acetic  acid — 1  part  of  nitro-benzene, 
1  part  of  concentrated  acetic  acid,  and  1'2  part  of  iron  filings  or 
turnings.     The  product  is  finally  distilled  over  quick-lime. 

Aniline  is  a  liquid  of  fiiint  and  peculiar  odour,  of  sp.  gr.  1*036  at 
0**.  When  perfectly  pure  it  may  l)e  crystallised  on  strongly  cooling, 
and  then  melts  at  —  8°.  It  boils  at  184°,  dissolves  in  31  parts  of  water 
and  in  all  proportions  in  alcohol  and  ether.  Its  aqueous  solution 
gives  a  purjilo  violet  reaction  with  bleaching  powder  solution.  With 
chromic  acid  it  produces  a  red  colour  passing  into  blue.  These  re- 
actions, which  are  proljably  duo  to  waits  of  phenylene  hydrazo-amido- 
benaseno  (§  987),  are  used  for  the  detection  of  aniline. 

Aniline  dissolves  potassium  with  liberation  of  hydrogen  and  forms 
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mono-potaKsium  aniline,  (C6H5)NHK,  and  probably  dipotassium 
aniline,  (CgH5)NK2. 

Aniline  salts,  when  wanned  with  an  equivalent  quantity  of 
argentic  nitrite,  are  reduced  to  phenol  with  libco^ation  of  nitrogen  : 

CfiHg.NHaHCl  +  NOOAg  =  AgCl  +  OH,  +  Na  +  CeH^.OH 

(comp.  diazo-benzene,  §  976). 

966.  Chemically  aniline  behaves  very  similarly  to  ammonia, 
combining  with  acids  to  form  salts  soluble  in  water  and  alcohol,  and 
in  many  cases  isomoi*phous  with  ammonic  salts. 

Aniline  hydrochloride^  N(CqH5)H3C1,  forms  colourless  needles, 
which  can  be  sublimed.  It  combines  with  platinic  chloride  to  a 
difficultly  soluble  salt,  rN(CeHa)H3]jPtCl6. 

Aniline  nitrate,  N(06H5)H3O.2nO2,  crystallises  in  rhombic  tables 
and  prisms. 

The  acetate  does  not  crystallise.  The  oxalate,  (N.C6H5.H3)2C204, 
forms  shining  prisms. 

The  aniline  compounds  with  the  chlorides  of  mercury,  tin,  antimony, 
<kc.,  correspond  to  the  ammonia  compounds. 

967.  Alkyl  haloids  combine  with  aniline  even  in  the  cold  to  form 
haloid  salts  of  a  phenyl-alkyl-ammonium  : 

N(CsH5)H,  +  C„H2n+  ,.I  =  N(C6He)(C„H,.^.  ,)H,I, 

from  which  aqueous  alkalies  liberate  phenyl-alkylamines ;  and  on 
repeating  the  operation  on  these  bodies  dialkyUphenylaminea  are 
produced,  from  which  again  triaUcyUplienyl-ammonium  iodides 
can  be  obtained.  These  treated  with  argentic  hydrate  give  the 
soluble  and  strongly  alkaline  trialkyl-phenylammonic  hydrates, 
N(CeH,)(C„H,„  +  ,)30II. 

Afethyl-aniline,  mefhyl-p/ienylamine,  N(C6H5)CH3H,  Xyoils  at 
192^ 

Liimthyl-anUim,  ^{Q^^){0^^)2^  boils  at  192° ;  sp.  gr.  -956.  It 
is  abo  obtained  bv  heating  aniline  hydrochlorate  with  methyl  alcohol 
to  250°. 

EthplanUine,  lSr(C6H6)C2H5.H,  boils  at  204°.     Sp.  gr.  -954. 

DiethylanUine,  NCg  11^(0211^)2,  boils  at  213°.     Sp.  gr.  939. 

EthylUoamyl-aniline,  N(C6H5)(C2H5)(C,^Hn),  boils  at  262**. 

Ethylene-diphenyl-diamine,  G2H4(N(C6H5)H)2  (m.p.  59°),  is 
formed  by  the  action  of  excess  of  aniline  on  ethylene  dibromide. 
When  an  excess  of  ethylene  dibromide  is  employed,  polyethylene 
phenyl  nitrile  bases  result,  the  principal  one  being : 

CxX2*<N(Cg£[5).CM2 

CH2.N(C5H5).CH2 

diHhyUne-diphenyl-diamine,  melting  at  157°. 

968.  Diphenylamine,  N(C6H5)2H,  obtained  according  to  the 
equation  : 

NtCeH5)H3Cl  +  N(C6H,)H2  =  NH.Cl  +  N(CeH,)2H, 

forms  colourless  crystals  melting  at  54°,  distilling  undecomposed 
at  310"^.     Its  salts  are  decomposed  by  water. 

Triphenylamine,    N(C(;Hg)3,    is    obtfdned,    together    with    the 
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previous  body,  by  heating  potassium  aniline  with  phenyl  bromide. 
It  melts  at  127%  crystallises  in  tables  and  pyramids,  and  distils  above 
300° ;  is  very  insoluble  in  most  menstrua,  and  does  not  form  salts. 

969.  Antlidea, — This  term  has  been  given  to  aniline  derivatives 
in  which  amidic  hydrogen  ^is  removed  or  replaced  by  acid  or  negative 
radicals.  A  great  number  of  these  bodies  are  known,  including  com- 
pounds of  all  possible  acid  groups.  As  they  correspond  in  their 
methods  of  formation  and  chemical  characters  with  the  alkyl  amides 
of  the  acid  radicals  (§  636,  <fec.),  a  few  only  need  be  treated  of  in  this 
place. 

Fortncmilide,  N(CgH5)(CH0)H,  is  obtained  by  double  decomposi- 
tion between  ethers  of  formic  acid  and  aniline,  and  by  rapidly  heating 
equal  molecules  of  aniline  and  oxalic  acid  : 

HO.CO.CO.OH  +  N(C6H5)Hj  =  COa  +  OHj  +  HCO.N(C6H5)H. 
It  forms  colourless  needles,  melting  at  46°  and  largely  soluble  in 
alcohol  and  water.  The  aqueous  solution  gives  a  precipitate  of 
iodium  /omKmilidef  HC0.N(C6Hft)Na,  on  addition  of  strong  soda 
solution.  It  is  decomposed  by  water  alone,  and  by  boiling  with  it  is 
converted  into  soiiic  formate  and  aniline. 

Aceicmilide,  N(C6H.n)(CaH50)H,  is  prepared  from  acetic  anhy- 
dride and  aniline,  or  by  heating  aniline  acetate  when  water  is  split  off. 
It  crystallises  in  shining  leaves,  melting  at  112°  and  distilling  un- 
changed at  295°.  It  is  also  soluble  in  water,  alcohol,  and  ether,  and 
is  saponified  by  alkaline  solutions,  yielding  aniline  and  salts  of 
acetic  acid. 

CO.N(CeHs)H 
OxcmiUde,    \  ,  is  obtained  by  heating  aniline  oxalate 

C0.N(C6Hft)H 
to  160°-180°.     It  forms  shining  leafy  crystals,  of  melting  point  245°, 
which  sublime  above  300°.     It  does  not  dissolve  in  water  and  ether, 
and  only  with  difficulty  in  alcohol. 

Acid    aniline    oxalate   heated   to   the   same    temperature   gives 

CO.N(C6H5)H 
oxanilic  acul,  phenyl  oxamic  acid,    |  ,  which  ilissolves  in 

CO.OH 
water  and  crystallises   in  strongly   acid  scales.     It  decomposes  on 
heating,  yielding  formanilide  and  carbonic  acid. 

CHj.CO. 
Phenyl  succinirnide,      \  N.CgHs,  is  obtained    as  a  final 

CH,.CO. 
product  when  acid  aniline  succinate  is  distilled  (§  837).     It  forms 
needles  melting  at  155°. 

Citric  acid  heated  with  aniline  gives  citranilide : 

C,H4(OH)[CO.N(CeH,)H]3  ; 

citroWonti,  C3H4(OH)<  COi-^'^^^*      ;  and  citranilic  acid: 

LC0.N(CeH5)H 

C3H4(On)J  co.^-^«^* 

LOH 
the  latter  body  being  formed  at  a  temperature  of  140°. 
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970.  CarhcmUides. — Ethylic  chloro-carbonates  react  energetically 
with  aniline,  forming  ethylic  phenyl  carbamate,  phenyl  urethoMe : 

and  hydrochloric  acid.  The  compound  forms  colourless  needles  of 
melting  point  52°,  which  boil  at  238°.  On  distilling  with  phos- 
phoric anhydride  the  ethyl  group  is  split  off,  and  phenylic  pseudo- 
cyancUe,  carhoxyl  phenylamide,  CO  :  N-CgHj,  is  produced  as  a  colour- 
less liquid  boiling  at  163°,  which  combines  directly  with  ammonia  to 

form  phenyl  urea,  CO'^^^'e^*)^ 

The  same  body  also  i*e6ults  from  the  double  decomposition  between 
aniline  sulphate  and  potassic  pseudo-cyanate  (§  282),  and  by  the  con- 
tinued action  of  cyanic  acid  vapour  on  aniline.  It  forms  colourless 
needles,  difficidtly  soluble  in  cold  water  and  decomposing  on  heating 
into  cyanic  acid,  ammonia,  and  diphenyl  urea. 

Diphenyl  urea,  carbanUide,  C0(NCgH5H)a,  is  prepared  by  the 
decomposition  of  carboxyl  diphenyl  imide  by  water  (§  282),  by  direct 
combination  with  aniline  : 

CO  :  N.CeHg  +  N(CeH5)Ha  =  CO  :  (NCeHsH)^, 

by  heating  1  part  urea  with  3  parts  aniline,  and  together  with  form- 
anilide  by  heating  oxanilide  at  a  high  temperature.  It  forms  silky 
needles  insoluble  in  water,  but  dissolving  in  alcohol  and  ethei,  melting 
at  205°,  and  volatilising  unchanged. 

971.  ThichcarbanUides. — On  warming  aniline  and  carbonic  sul- 
phide togethei*,  hydric  sulphide  is  evolved  and  the  mass  solidifies  to 
crystals  of  diphenyl  sulphur ea  : 

CSa  +  2N(C6H5)ll2  =  8H2  +  CSN(C6H5.H)j. 

This  reaction  takes  place  very  quickly  on  heating  equal  molecules 
of  aniline  and  potassic  hydrate  in  alcoholic  solution  with  excess  of 
carbonic  sulphide.  After  acidifying  and  evaporating  the  alcoholic 
filtrate  the  sulpho-carbanilide  crystallises  out  in  colourless  plates, 
melting  at  145°  and  dissolving  in  alcohol  and  ether. 

Phenyl  isoeulphocyanate,  CS  :  N.CgHj,  is  obtained  from  diphenyl 
sulphurea  by  distilling  with  phosphoric  anhydride,  by  boiling  with 
hydrochloric  acid  : 

CS[]Sr(CeH5)H]2  -h  HCl  =  N(C6H5)H3C1  +  CS  zN.CgH^, 

or  by  the  action  of  alcoholic  iodine  solution,  as  a  colourless  oil  of 
similar  odour  to  the  alkyl  iBOSulpho-c)'anates.  It  boils  at  222°  and 
combines  again  with  aniline  or  with  ammonia,  in  the  latter  case 

giving  phenyl  sulphurea,  OS'^Vt®     *^ 

It  combines  with  alcohol  at  110°,  giving  phenyl  xantlwgenamide, 

^^  O  C  H        »  which  forms  ciystals  melting  at  65°. 

972.  Phenyl  Cyanamides. — By   passing    dry  gaseous   cyanogen 

•  N  C  H 

chloride  into  an  ethereal  solution  of  aniline,  cyanaiiilide,  C  ]  ^'y^    *  , 

is  produced.     It  may  be  obtained  on  evaporation  of  the  ethereal 
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solution  in  oolonrleas  oonoentrically  grouped  needles,  difficultly  soluble 
in  water  and  melting  at  36°  -37°.  An  alcoholic  solution  of  phenyl 
sulphurea  gives  the  same  body  on  heating  with  plumbic  oxide. 

It  polymerises  at  ordinary  temperatiu*es  to  triphenyl  melafnine, 
C3N3(NCeH5N)3,  forming  prismatic  crystals  melting  at  162°. 

Diphenyl  cycmamide^  N  •  C.N  :  (CgHs)^,  is  obtained  by  the  action 
of  diphenylamine  and  cyanogen  chloride  at  250°.  It  ciystallises 
from  ligroine  or  coal-tar  naphtha  in  brilliant  rhombic  ciystals,  melting 
at  292°.  This  is  in  all  probability  a  polymer  of  the  former  body 
SB  hexaphenyl  melaminey  G^^\]^(Q^\i^^^.  It  yields  diphenyl- 
amme  as  one  of  its  decomposition  products  when  healed  with  con- 
oentrated  hydric  chloride. 

Carbo-diphenylimidej  C(N.C5H5)2,  results  from  the  action  of 
mercuric  oxide  on  a  boiling  solution  of  diphenyl  sulphurea  in 
benzene : 

CS(NC6H3H)2  +  HgO  =  HgS  +  OH.,  +  qN.CeHj)^. 

On  evaporating  the  filtered  solution  carbo-diphenylamide  remains  as  a 
syrup  which  gradually  crystallises  and  polymeriseSi  and  then  fuses 
between  168°  and  170°. 

A  solution  of  carbo-diphenylimide  in  benzene  gives,  on  saturation 
with  hydric  chloride,  a  brilliant  white  precipitate  of 

C(N.C,H5).N(CeH,)HCl, 

which  is  decomposed  on  boiling  with  water  into  carbonic  add  and 
.aniline  hydrochloride. 

Carbo-diphenylimide  combines  with  water  to  form  diphenyl  urea, 
with  hydric  sulphide  forming  diphenyl  sulphurea,  with  ammonia  and 
amines  to  form  guanidine  derivatives,  and  with  carbonic  sulphide  at 
150°  to  form  phenyl  isosulpho-cyanate. 

973.  Phenyl  guanidines  may  be  obtained  from  the  above- 
mentioned  bodies  in  many  ways. 

•NH 
Diphenyl  guanidines  ^'.t-hsn  pr  HW   ^  formed  from    diphenyl 

sulphurea  by  desulphurisation  with  plumbic  oxide  in  ammoniacal 
alooholio  solution,  by  heating  aniline  with  cyanic  chloride  : 

C1.0N  +  2N(C.H.)H,=  C;^H^jj,.H), 

and  by  the  direct  combination  of  ammonia  with  carbo-diphenylimide. 

It  crystallises  in  flattened  needles,  melting  at  147°,  and  gives  salts 

with  one  equivalent  of  acid,  e.g.  CiaHjgNaHCl. 

•N  C  H 
Triphenyl  gucmidiney  CigHiyNj  =  ^!/^  n  tt   H^  '  *^^^  *^   ^ 

prepared  in  many  ways,  «.g.  by  heating  diphenyl  lu'ea  or  diphenyl 
sulphurea : 

2CO(NCeH5H)j  =  OHj  +  CO  rN.CeH^  +  CN3(CeH,)3Hj, 

2CS(N.C6H5H)j  =  HjS  +  CS  :  N.CgH,  +  CN3.(CeH5)3Ha ; 

by  desulphurising  diphenyl  sulphurea  in  the  presence  of  aniline : 

CS(NCeH5H)2  +  NCeHsH,  +  HgO  =  HgS  +  OHj 

+  CN3(CeH,)3H2 ; 

and  by  direct  oombination  of  cai*bo-diphenylimide  with  aniline.  <irc. 
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It  is  almost  insoluble  in  water,  separates  from  alcohol  in  shining 
rhombic  prisms,  m.p.  143°.  It  combines  with  one  equivalent  of  acids 
to  form  salts.     The  hydrochloride  has  the  formula : 

By  dry  distillation  it  splits  up  into  aniline  and  carbo-diphenyl- 
imide. 

Tetraphenyl  gucmidiney  C2.5H21N3,  is  obtained  as  hydrochlorate 
when  cyanogen  chloride  acts  upon  diphenylamine  at  100^ : 

^NH.HCl     . 

C1.C  :N  +  2N(CeH,),H  =C^N(CeH;), 

\N(CeH,)2 

The  free  base  crystallises  from  ligi'oine  in  large  rhombic  crystals,  and 
on  heating  with  alkalies  splits  up  into  ammonia  and  diphenylamine. 

974.  &e  following  bodies  also  belong  to  the  carbunilide  group 
and  may  be  shortly  mentioned. 

Carbon  dichlor  phenylamide,  isocyan-phenyl  chloride  : 

CClacN.CgHft, 

forms,  together  with  sulphur  chloride,  the  principal  product  of  the 
action  of  chlorine  on  phenyl  isosulpho-cyanate : 

CS  iN.CeHg  +  2Cl2  =  SCI,  +  C01a:N.C6H5. 

It  is  a  liquid  of  pungent  odour,  which  acts  powerfully  on  the 
mucous  membranes,  boils  between  211°  and  212°,  and  is  reduced  by 
hydric  sulphide  to  hydrochloric  acid  and  phenylic  isosulpho-cyanate. 
Chi  heating  with  glacial  acetic  acid  it  passes  into  carbon  oxydiloride 
and  acetanilide : 

CCI2 :  N.CeHj  +  CH3.CO.OH  =  COCI2  +  NC6H5(C2H30)H. 

Phenyl  isocyanide,  phenyl  carhcmvmonium^  C  j  N.CgHg  (§  278),  is 
easily  formed  on  heating  chloroform,  aniline,  and  alcoholic  potash.  It 
is  a  liquid  of  most  nauseous  odour,  which  cannot  be  distilled  unchanged, 
and  is  decomposed  by  aqueous  and  mineral  adds  into  aniline  salts  and 
formic  acid.  With  metallic  cyanides  it  combines  to  form  crystalline 
compounds,  e  g.  : 

Ag.N^C 


.1^ 


Heated  to  200°  for  a  few  hours,  it  changes  into  the  isomeric  body 
benzonitrile,  N  •  CCgHg. 

CyananUine^  O14H14N4,  is  prepared  by  leading  cyanogen  gas  into 
an  alcoholic  aniline  solution  : 

N=C  HN :  C.N(C6H5)H 

I    +2N(OeH,)H2=  | 

N^C  HN :  C.N(CeH6)H 

It  crystallises  in  colourless  plates  almost  insoluble  in  alcohol  and 
water.  It  combines  with  two  equivalents  of  acid  to  form  salts, 
which  on  being  boUed  with  water  yield  oxanilide  : 

C(NH)(NC6H5H)HC1  C0.N(C«H5)H 

I  +2QH«  =  2NH4a+   I 

CmH)(N06H5H)Ha  CO.N(06H5)H 
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tegeUier  with  monophenyl  oxamide  : 

Ci4HieN4a8  +  20Ha  =  NH^a  +  NCeH^HaCl  +  I 

CO.NH, 

Azo-benzenes, 

975.  By  the  action  of  sodium  amalgam  on  an  alcoholic  solution 
of  nitro-benzene  which  is  maintained  slightly  acid  with  acetic  add 
a  redaction  of  the  ni^ro-group  takes  place,  the  nitrogen  atoms  anitiiig 
together  and  so  yielding  azo-benzene  and  azoxy-benzene.  Similar 
piquets  are  obtained  on  treating  the  alcoholic  solution  with  strong 
potash,  in  which  case  some  of  the  alcohol  is  oxidised  to  acetic  add. 
Azo  compounds  are  intermediate  reduction  products  between  nitro- 
benzene and  aniline. 

Azoxy-benzene,  C  12^10^  fi=:  |    X),    results    according  to 

the  equation  : 

2CeH5.N02  +  6H  =  3HjO  +  CuHioNaO. 

It  crystallises  in  long  yellow  needles,  insoluble  in  water,  but  easily  in 
alcohol  and  ether,  and  melting  at  36°. 

It  is  converted  by  nascent  hydrogen  into  azo-benzene,  11 . 

This  is  best  obtained  by  distillation  of  a  mixture  of  equal  parts  nitro- 
benzene and  potassic  hydrate  in  alcoholic  solution.  The  final  distillate 
is  a  red  oil,  which  soon  ciystallises.  It  may  be  obtained  pure  by  re- 
crystallising  from  alcohol  or  ether,  and  then  forms  garnet  red  plates 
or  tables,  very  much  like  potassic  bichromate.  It  melts  at  66°, 
distils  unchanged  at  293°,  and  is  insoluble  in  water. 

Azo-benzene  may  be  also  obtained  by  oxidation  of  aniline  by 
potassic  permanganate. 

Nascent  hydrogen  from  almost  any  source  converts  azo-benzene  into 

CjHsNH 

Hydrazo'benzene,  \       ,  which  crystallises  in  colourless  tabu- 

C«H»NH 
lar  crystals,  melting  at  131°.    Oxidation  converts  it  into  azo-benzene ; 
by  distillation  it  splits  up  into  aniline  and  azo-benzene,  and  in  eonteu:t 
with  strong  mineral  acids  it  yields  salts  of  its  isomer,  benzidine : 

CfiHj.NH  CfiH^.NHa.O. 

I       -hSO,(HO),  =    I  SOa 

CeHj.NH  C6H4.NH3.O. 

Diazo  Compounds, 

976.  Aniline  salts  are  reduced  by  the  action  of  nitrous  acid  into 
salts  of  diazo-benzene : 

C6H5.NH3.O.NO2  +  NO.OH  =  20Ha  +  C6H5.N(]Sr)O.N02. 

These  are  very  unstable  bodies,  which  explode  very  readily  on 
heating  or  percussion.  On  warming  with  water  they  decompose  into 
nitrogen,  free  acid,  and  phenol : 

CfiH5.N(N).O.N02  -F  OH2  =  Nj  4-  HNO3  -f  CeH^.OH. 


^ 
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By  boiling  with  absolute  alcohol  benzene  and  aldehyde  are  formed  : 
CeH^.Nj  :  O.SOa.OH  +  C2H5.OH  =  N,  +.  CgHe 
+  S02(H0)a  +  CaH^O. 
With  the  haloid  acids  phenyl  haloid  compounds  are  foimed : 
C6H5.N2.O.NO2  +  HI  =  Na  +  NO2HO  +  OeHftl. 

977.  Dlazo-henze'iie  nitrate,  CgHg.Nj.O.NOa,  is  obtained  by  the 
action  of  nitrous  anhydride  on  aniline  nitrate  mixed  with  a  small 
amoimt  of  water.  The  gas  should  be  passed  into  the  solution  until 
potassic  hydrate  ceases  to  produce  a  precipitate  of  aniline  in  it.  The 
salt  may  then  be  thrown  down  by  the  addition  of  alcohol  in 
colourless  needles  which  are  insoluble  in  ether  and  benzene. 

Diazo-benzene  sulphate,  CgH^.Na.O.SOa.OH,  may  be  prepared  in 
a  similar  manner  to  the  nitrate,  and  also  crystallises  in  coloui'less 
prisms. 

The  aqueous  HCl  solution  of  both  salts  yields  with  platinic  chloride 
dicizo-benzene-plcUinO'Chloride,  (C6H5.(N)2Cl)2PtCl4,  crystallising  in 
yellow  prisms,  which  by  distillation  with  potassic  hydrate  solution 
give  monochlor-benzene.  When  heated  al<me  it  explodes  somewhat 
violently. 

Diazo-benzene  nitrate,  when  treated  with  hydric  bromide .  con- 
taining bromine,  precipitates  diazo-benzene  tribromide,  C6H5N2O3, 
forming  large  yellow  platas  insoluble  in  water  and  ether,  difBcultly 
soluble  in  alcohol. 

Diazo-benzene  salts,  when  treated  with  concenti*ated  potash  solu- 
tion, form  a  potassium  compound,  CgHg.Na.OK,  which  may  be 
obtained  pure  by  crystallisation  from  alcohol,  when  it  forms  colourless 
pearly  prisms,  which  are  highly  explosive  and  are  insoluble  in  ether. 
The  fresh  aqueous  solution  gives  a  precipitate  with  argentic 
nitrate  of  C6H5.N2.O. Ag ;  with  acetic  acid  a  yellow  aromatic  oil, 
probably  diazobenzene  hydrate,  CgH5.N2.OH.  It  soon  decomposes 
into  nitrogen  and  phenol. 

978.  Diazo-amido-beiixene,  CgH5N2.NH.C6H5,  is  obtained  by 
passing  N2O3  into  a  cold  alcoholic  solution  of  aniline  : 

CeHj.NHj  -h  N2O3  =  SHjO  -h  CgHs.Na.NH.CeHj ; 

also  by  mucing  aqueous  solutions  of  diazo-benzene  salts  with  aniline  ; 

CeH5.N2.0.N02  +  2N(CeH5)H2  =  N.(CeH5)H3.0.NO.^ 

+  C6H5.N2.NH.CgH5. 
It  separates  in  golden  yellow   needles,  insoluble  in  water  and 
difficultly  so  in  cold  alcohol,  melting  at  91°  and  decomposing  with 
slight  explosion  at  a  higher  temperature. 

It  is  split  up  by  strong  hydrochloric  acid  into  aniline  hydro- 
chloride, nitrogen,  and  phenol. 
Metadiamido-azobenzene : 

Ci2H,2N4  =  C6H5-N=N-C6H3(NH2)2 
(1  : 2  : 4),  is  prepared  by  the  action  of  metadiamido-benzene  on  diaso- 
amido-benzene,  or    by  the  action  of  metadiamido-benaene  and  azo- 
bonzene  hydrochloride : 

CjH,(NH,),  +  CeH,  -  N  =  N  -  01 
=  CsHj  -  N=N  -  CsH,(NH,),  +  HCl. 

p  P 
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It  forms  slender  yellow  needles,  sparingly  soluble  in  water,  readilj  la 
alcohol  and  ether;  it  melts  at  117*5°.  It  is  used  as  a  yellow  dye 
imder  the  name  of  chr}'8oTdine. 

Triamulo-<izobenzene,  Bismarck  brown : 

N.CeH3(NH,), 
C,jH,3N5=  II 

ia  formed  by  the  action  of  nitrous  anhydride  on  metadiamido-benaeoe : 

N.CeH3(NH,), 
4CeH,(NH,)a  +  NjO,  ^  SK^O  +  2  M 

It  is  extensively  used  as  a  brown  dye. 

D%azO'ben:xne  amule^  €^11^1^3,  is  formed  by  the  action  of  diazo- 
benzene  tribromide  on  aqueous  ammcmia : 

CeH^.N.Br  CeH^.N. 

Ill         +  NH,  +  3NH3  =  SNH^Br  +  IM^ 

It  is  a  yellowish  oil,  which  can  be  di^^tilled  with  steam,  but 
explodes  when  heateil  alone.  Nascent  hydrogen  oonyerts  it  into 
aniline  and  ammonia  : 

C5H5N3  +  8H  =  2NH3  +  OeHs.NH,. 

Aromatic  Hi/drazines. 

978a.  The  hydrazine  compounds  of  the  aromatic  series  may  be 
obtained  from  the  more  stable  diazo-benzeue  compoimds  by  the  action 
of  8ulphuix>us  acid  or  sulphites,  or  by  the  reduction  of  diaao-amido- 
aromatic  compounds  by  moans  of  zinc  dust  and  acetic  acid. 

A  somewhat  numerous  series  of  both  primary  and  secondary 
hydrazines  (§  275a)  have  in  this  way  been  obtained. 

Primary  Hydrazines, 

9785.  Phenylhydraziney  CgHj.NH  —  NHj,  results  from  the  re- 
duction of  potassic  diazo-benzene  sulphonate  with  sulphurous  acid. 

The  onlinary  salts  of  diazo-benzcne  are  not  suitable  for  this  re- 
action on  account  of  their  instability. 

The  following  is  a  good  method  of  preparation  : — 20  parts  of  aniline 
is  dissolved  in  50  partis  of  strong  hydrochloric  acid  solution,  to  which 
the  calculated  amount  of  sodic  nitrate  in  solution  is  added,  whereby 
it  is  converted  into  diazo-benzene  chloride ;  to  this  there  is  added, 
with  continuous  stirring,  an  excess  of  a  very  well  cooled  solution  of 
sodic  sulphite,  and  the  precipitated  salt  of  the  diazo-sulphonic  acid 
dissolved  by  gently  warming  and  carefully  neutralised  with  hjrdro^ 
chloric  acid.     The  sulphurous  anhydride  evolved  reduces  most  of  the 
diazo-salt  to  the  salt  of  phenylhydrazine-sulphonic  acid,  the  redooticm 
being  completed  by  the  addition  of  a  little  zinc  dust  and  acetic  acid. 
The  sodic  salt  of  phenylhydrazine-sulphonic  add  separates  for  the 
most  part  on  cooling.     It  is  obtained  in  hot  concentrated  solution 
and  decomposed  with  one-third  of  its  volume  of  fuming  hydrochloric 
acid,  whereby  the  whole  solidifies  to  a  crystalline  mass  of  phenyl- 
hydrazine  chloride,  fix>m  which  the  free  base  may  be  obtained,  on 
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addition  of  ooncentrated  sodic  hydrate,  as  an  oily  layer  which  may  he 
separated,  dried  with  potassic  carhonate,  and  distilled.  When  fr^ly 
distilled  it  is  a  colourless  oil  of  faintly  aromatic  odour,  which  solidifies 
in  a  cooling  mixture  to  tabular  crystals,  melting  at  23°.  It  boils 
between  233''  and  234°  at  750  mm.  B.,  and  is  volatile  in  steam.  Its 
sp.  gr.  =  r091  at  21°.  Ft  is  diflScultly  soluble  in  cold,  somewhat 
easily  so  in  hot  water,  and  dissolves  easily  in  most  other  solvents. 

It  is  very  easily  oxidised,  and  gives  a  most  characteristic  reaction 
with  alkaline  copper  solutions,  the  reduction  to  cuprous  oxide  taking 
place  in  the  cold.  The  reaction  servas  as  a  test  for  hydrazines,  and 
also  for  diazo  compounds.  Tho  oxidation  products  in  this  case  aro 
nitrogen,  beuzene,  and  aniline.  When  HgO  is  used  some  mercury 
diphenyl  is  also  produced. 

Oxidising  agents,  haloid  alkyl  compounds,  acid  chlorides,  alde- 
hydes, cyanogen,  carbonic  sulphide,  and  oxide  sulphur,  &c.,  all  act 
upon  or  form  combinations  with  phenylhydrazine.  It  is  a  monacid 
base  and  forms  mostly  crystalline  soluble  salts.  The  sulphate, 
(CgHg.Na  113)2112804,  forms  white  leafy  crystals,  insoluble  in  ether. 

Phenyl-nUroso-hydrazine^  C6H5.N.(NO).NH2,  prepared  from 
phenylhydrazine  hydrochloride  and  sodic  nitrite,  forms  yellowish 
crystals,  permanent  in  the  air,  but  decomposing  in  closed  vessels  to  a 
dark  brown  liquid  of  exceedingly  pungent  odour. 

Alomiceti/l-pkeni/lhi/drazinef  C6H5.N.2II2.O2H3O,  obtained  by  the 
action  of  acetic  anhydride  on  phenylhydrazine,  crystallises  from  hot 
water  in  fine  colourless  plates,  melting  at  128*5°  and  distilling 
almost  undecomposed. 

Phenyl  carhazinic  acid  is  not  known  in  the  free  state,  but  the 
phenylhydrazine  salt,  (C6H5N2H3)HO.CO.N2H2C6Hft,  is  formed  by 
the  direct  combination  of  carbonic  anhydride  with  the  base.  It  is  a 
brilliant,  soft,  white  body,  almost  insoluble  in  water  and  ether. 

The  analogous  sulphur  compound,  phenylhydrazine  phenyl  sulpho- 
carhazinaU,  (C6H5.N2H3)HS.CS.N2H2.C6H5,  crystallises  from  ether 
in  hexagonal  tables,  melting  at  96°. 

Phenyl  sulpho-^xirbazinic  acid,  CeHs.NgHj.CS.SH,  easily  decom- 
poses either  in  solution  in  water  or  on  warming  (comp.  sulphureas). 

Monobenzoyl-phenyUiydrazinef  C6H5.N2H2.C7H5O,  is  formed  by 
heating  phenylhydrazine  with  benzoyl  chloride.  It  melts  at  168°  and 
dissolves  in  hot  alcohol,  acetone,  chloroform,  and  in  potassic  hydrate 
solution. 

Diphenyl  oxwiide,  (C6H5.NaH2)2C202,  is  obtained  when  ethylic 
oxalate  and  phenylhydrazine  are  heated  together.  It  is  crystalline 
and  melts  at  about  260°. 

BenzylUlene  phenylhydrazine,  CgHg.NaH.CH.CsHs,  is  prepared 
from  benzoic  aldehyde,  and  the  base  crystallises  from  dilute  alcohol 
in  monoclinic  crystjils,  melting  at  152*5°. 

Ethylidene  phenylhydrazine y  CgH^ — N2H.CH.CH3,  formed  from 
ethyl  aldehyde  in  a  similar  manner  to  the  above,  is  a  crystalline  body 
which  decomposes  in  contact  with  water. 

Secondary  Uydrazhiea. 

978c.  Diphenylhydrazine,  (CeH5)3N — NH29  is  metameric  with 
hydrazo-benzene,  which  may  be  considered  as  a  symmeirioal  phenyl 
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i^'-i^ir^b  of  pb^n-ijl  ciitiTiiftiiKiij^  vnli  zxike  doat  sod 
w^ll'^x.fM  *W/bolie  iTyiarir/ij*,     It  is  axi  ofl  vlddi  doe 
Hi  —  1 7'%  ittA  diAtik  witb  ymtikd  <k«3r>ib{w«ition  ieao 
filMYijUiaijj^f  a/^  terry  fx/dM»».     It  i*  a  moiEaad  baae^  bvt  ite 
MtH  r*iry  utoAoikM,  \0^i»^  {MrUaiir  <k«r>inpcMKd  br  water. 

UdltMHn  frfjM  Mf^^/t^  in  ^stf:  white  thimnfs  ikeedleB,  me^tin^  at  19^. 
It  lA  iAAjut»f^  )fj  the  luXif/ti  fji  }ftin2/jy\  Marine  on  diphenjilijdnuiiie 

/kftZ;/lvUn^.  diph^nylhylrazin^,,  ^C^H4)jyj.(CH.C^Hj),  prepared 
frrifii  Sut^iy/nt:  sUMty^ie  uid  dipFi^jjlliT<irmziiie,  mav  be  obtAined  horn 
\uA  stU'jAtffl  in  yelUjw  cryniMh,  melting  at  1 22^. 

THrajflunnfflrUiraz^/nt  (C^H^^;,  rNf :  (C^H^),,  obUined  firom  tiie 
«ctf//n  '/f  w^Sik  ozidi^in;^  ^tmin  on  dipbenvlhydraziiie  in  the  eold, 
f/M7nii  tvAourhhA  tnytttAlM,  uielting  at  1 23',  acdable  in  eiher,  aloolM^ 

Whfffi  fnrru:  chUfritUs  Ik  luied  aa  oxidiidng  agent,  nititigen,  diphenj^ 
Msiiun,  ttfi/1  a  blue  cr>lounng  Uiatter  are  formed. 

P}uf$pho  Derivatives, 

979,  Wh«fn  fi  mixture  of  the  va[x>urH  r/  benzene  and  phof^homs 
triifbloride  w  repeatetJly  \rtumn\  through  a  red-hot  tube, 

l'hf$p}iAnyl  dicfd^/ri/U  in  oljtained,  according  to  the  equation  : 

(.Vir,  +  PCI,  =  HCl  +  C«H,.PC1„ 

an  a  <vA(mrhm  liquid  of  Kp,  gr.  1*319  at  20%  boiling  at  222^  It 
r*i(nuiM  light  Ntronglj  and  fumes  in  the  air. 

It  (V}Ui}titum  with  chlorine  to  form  p^ioaphenyl  tetrachloride^ 
^*tilln'^'^'Uf  '^  eryHtallino  K^ilid  melting  at  73^  ;  and  with  bromine  to 
forfn  phmpfiAuyl  dichlDr-dif/ri/fnide^  i*f^f,.Vij\fiT^,  With  oxygen  it 
fdrniH  phoMphenjl  oxydichlorido,  CfiHj.POCla,  a  liquid  boiling  with 
|Mirtiiil  d(K^>niiKwition  at  2G0^. 

I'hoNphenyl  dichloride  reacta  with  water,  forming  phosphenylic 
acul,  (v'fllIftF(()II)a  or  CflH5.PIfO.OH,  which  separates  from  hot 
Maturated  HolutiotiM  fU4  a  limpid  oil,  solidifying  on  cooling  to  leafy 
cryNtfilM.  llM  MJilth  have  the  formula  (JcHftPHMOa.  With  phosphorus 
|K»ntai?hloride  it  givoH  jdioKphorus  trichloride,  phospho-oxychloride, 
and  phoN]>honyl  oxydichlorido  : 

CflllAJMIaOa  +  2PClfl  =  PCI3  +  POCI3  +  2HC1  +  CeHft.POCl,. 

The  three  Miturated  jihoHphenyl  haloid  compounds  are  decomposed 
by  waUM*  into  hydri(5  haloid  and  the  veir  stable  dibasic 

Phmiyl  phtwpfumto  add,  OflHft.PO(OH)2  (comp.  §  304),  which 
dii>Molv(w  in  water  and  alcohol  and  crystallises  in  plates  melting  at 
IHH".     It  de(!oni|)OHes  at  250°  into  Iwsnzone  and  metaphosphoric  add  : 

(!flnft.P0(()H)a  =  C6Hfi  +  POaOH. 

On  Maturating  phoHphonyl  dichloride  with  HI,  a  solid  muss  is 
fornuMl,  prolMibly  ((^ollftPIa.Hl),  hydric  chloride  being  expelled.  It 
(hHX)m|)0MM  with  aleohol  to  phenyl  jyhosphiiie,  OgHft.PHa,  a  most 
ntptilnive-Hmelling  oil,   which  sinks  in  water    and   boils  at   160**. 
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Acjueous  acids  do  not  combine  with  it,  but  with  hydriodic  acid  gas 
it  forms  phenyl  phosphonium  iodide^  PH3.C6H5.I,  a  solid,  which 
reacts  with  water,  forming  phenyl  phosphinc  and  hydric  iodide. 

On  exposure  to  air  phenyl  phosphine  oxidises  to  phenyl  phosphine 
oxidey  C5II.5.PH2O,  a  cr}'stalline  solid  easily  soluble  in  water. 

Phenyl  phosphine  combines  with  sulphur,  yielding  a  crystalline 
body,  melting  at  138°,  and  possibly  having  the  constitution 

I       ^ 

S      >P.C«H. 


:H..p/ 


Diphosphenyl,  CgHsP  =  P.C(jH5,  prepared  from  phosphenyl  chlo- 
ride and  phenyl-phospbine,  is  a  yellow  powder,  m.p.  149°-150°,  easily 
soluble  in  benaene.  It  probably  corresponds  in  constitution  to  azo- 
benzene. 

Phenyl  Afercury  Compounds, 

980.  Mercury  diphenyl,  Q^^.^g,Qf^^y  is  easUy  obtained  on 
heating  brom-benzene,  diluted  with  benzene,  with  sodium  amalgam,  a 
small  quantity  of  ethylic  acetate  being  added  to  the  mixture  in  order 
to  start  the  reaction.  It  forms  rhombic  crystals,  becoming  yellow  on 
exposure  to  light,  melts  at  120°,  and  sublimes  mostly  unchanged,  a 
small  amount,  however,  being  decom|)osed  into  mercury,  diphenyl- 
benzene,  and  carlx)n.  It  is  insoluble  in  water  and  only  slightly 
soluble  in  alcohol  and  ether ;  benzene  dissolves  it  easily. 

Free  halogens  act  upon  it  according  to  the  equations  : 

Hg :  (CeHs),  +  SCl^  -  ^O^^h^X  +  HgCl, 
and 

Hg(GcH5)2  +  CI,  =  CeHfiCl  +  Cl.Hg.CeH,. 

Haloid  phenyl  mercury  compounds  are  also  formed  when  mercury 
diphenyl  is  heated  with  haloid  mercury  salts  and  alcohol : 

CeH,.Hg.CeH5  +  Hgl^  =  2(CeH5.Hg.I). 

They  all  crystallise  in  rhombic  tables  and  melt  at  something  above 
250°.  When  heated  with  moist  argentic  oxide  the  halogen  atom  is 
removed,  mercury  phenyl  hydrate  being  produced. 

It  is  a  powerful  base,  which  crystallises  in  prisms  and  gives  salts 
with  acids. 

Tin  Phenyl  Compounds. 

980a.  Mercury  diphenyl,  when  heated  with  stannic  chloride  in 
solution  in  naphtha,  gives  stan-diphenyl  dichloride  : 

SnCl,  +  2(CeH,),  Hg  =  2Hg(C6H,)Cl  +  SnCl,.(C6H,),. 

Stan-diphenyl  dicfdoride  forms  beautiful  colourless  triclinic 
crystals,  melting  at  42°,  soluble  in  alcohol,  and  decomposing  on 
boiling  with  water  to  stan-phenoxychloride,  Sn(05ir.,)01.0H,  an 
insoluble  powder  melting  at  187°.  It  yields  stannic  chloride  and 
benzene  on  boiling  with  concentrated  hydric  chloride. 
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Ar^^n-ph^Hj^  CompoHntfs, 

9806.  Ph^sf^n^-i^loriilif,  AsCI^C^H^,  obtained  bj  heatiDg 
araenioua  chloride  and  IneIt^ury  diphenvl,  is  a  oolourlesB  liquid  ^n«^'"g 
at  252*^-255^,  deoompoaed  by  watier  with  great  difficultYy  but  eamfy 
by  alkalies.  A  potassdc  com|M>und,  C«U5A8(0K)^  is  sc^nble  in 
alcohol.  It  combines  directly  with  chlorine,  forming  pken^fl  orwit- 
Mrachloruif.  C^K^Asi.'\^^  a  yellow  liquid  which  reacts  violentlj  with 
water,  yielding  monoph^nyl-ar^onic  aciJ^  C«Hj.AsO.(OH)2,  while 
needles  melting  at  168^. 

Diph^nj^-arten'Moriii^,  (C^H.O^AsCl,  is  an  oily  liquid. 

Diph^n^l-ar$&n-tr%chloru{^,  (C(H5)sAsCl3,  is  a  solid  whidi  decom- 
poses with  water,  yielding 

DipKtmjfl'UnoHic  acui.  {CJS.s)jAsO.(0H),  whidi  oystallisoB  in 
fine  needles,  melting  at  174''  and  easily  soluble  in  hot  water. 

Ph^n^l-ar^H-oaeuif^  C^H^AsO,  has  an  odour  like  anise;  it  is 
insoluble  in  water  and  melts  at  119--120^ 

It  gives  triphen^fi-arfin^y  (C^U.!,)iA»,  on  heating  above  its  mdimg 
point. 

Fh^m^fl-ur^en-oxyeklorUf^  C(H5AsOCls,  prepared  from  the  tetra- 
chloride by  the  action  of  water,  is  solid,  melts  about  100%  and  di»- 
solves  easily  in  water. 


Benzene  DisuBSTrruTiox  Products,  Phentlenb  Compoundb. 

98L  A  very  large  numlter  of  disubstituted  benaene  compounds 
is  known.     The  number  of  known  isomers  in  anv  case  amounts  at 

m 

most  to  three.  Dihaloid  benaenes  can  be  prepared  by  the  direct 
action  of  the  halogen  with  the  aid  of  heat.  The  product  is  genially 
a  mixture  of  two  isomers,  of  which  one  is  solid  and  usually  exceeds 
the  other  in  amount. 

The  crystalline  isomer  may  be  considered  to  belong  to  the  para 
series,  as  it  can  be  converted  into  terephthalic  acid,  according  to  the 
equation  : 

CgH^Br,  +  2Cl(?0.0.C'jH,  +  2Xa,  =  2NaCl 

+  2NaBr  +  CeH.lCO.O.CjH^),, 

and  further  yields  only  a  single  tri-derivative  (oomp.  §  954). 

In  the  case  of  the  dibrom-bennL*nes  another  isomer  has  been  ccm- 
verted  in  a  similar  manner  into  iaophthalic  acid,  and  also  has  been  shown 
to  yield  three  tribrom-benxenes  on  further  bromination,  thus  proving 
it  to  he  the  meta  derivative,  so  that  the  ortho  position  alone  ranains 
for  the  third  dibrom-benzene. 

I  n  cases  where  difierent  radicals  are  substituted — for  instance,  nitro- 
haloid  benzeneSy  obtained  by  nitrating  haloid  benzenes — two  isomers 
result,  of  which  one  appears  to  be  the  ortho,  the  other  the  para 
compound.  This  is  also  the  case  ^'ith  the  haloid  and  nitro  products 
of  phenol  and  the  phenol  sul  phonic  acids. 

UaJogeti  and  XUro  Derivatives, 

882.  Dichlar-benzenes,  C^H^Clj-  ^^  three  modificitions  of  this 
body  are  known. 

Orthodichlor-benztne    is  obtained   by   the  action   of    phosphoric 
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chloride  on  ortho-chlor  phenol ,  and  by  the  direct  chlorination  of 
benzene ;  it  is  a  liquid  boiling  at  179°  and  of  sp.  gr.  1*3278  at  0°. 

Metadichlor-benzene  is  obtained  from  metachlor-aniline,  by  con- 
version of  this  latter,  by  treatment  with  nitrous  acid,  into  diazochlor- 
benzene,  the  platinochloride  of  which,  on  distillation  with  sodic 
carbonate,  yields  metadichlor-benzene  as  a  colourless  oil,  boiling  at 
170°-172°.  It  is  also  obtained  by  the  action  of  phosphoric  chloride 
on  metachlor-phenol. 

Paradichior-benzene  is  prepared  by  the  direct  chlorination  of 
benzene  in  the  presence  of  iodine,  and  is  separated  from  the  other 
products  by  fractional  distillation ;  it  is  also  prepared  by  the  action  of 
phosphoric  chloride  on  paiachlor-phenol.  It  crystallises  in  mono- 
clinic  prisms,  melts  at  54°,  and  boils  at  173°-174°. 

DArom-benzenes,  CgH^Bra.  Orthodibrom-benzene  appears  to  be 
formed  in  small  quantity  by  the  action  of  bromine  on  benzene,  but 
lias  not  yet  been  obtained  in  a  state  of  purity  from  that  source.  It 
can  be  prepared  by  the  action  of  phosphoric  bromide  on  orthobrom- 
phenol  and  hydro-quinone,  or  from  orthobrom-aniline,  which  is  first 
converted  into  the  nitrate,  then  treated  with  nitrous  add,  whereby 
orthobrom-diazo-benzene  is  formed : 

CoH^Br.NHa.O.NOa  +  NOHO  =  CeH4Br.N2.ONOj. 

This  is  then  converted  into  perbromide  by  treatment  with  bromine 
water,  and  the  pure  diazobrom-benzone  perbromide  distilled  with  sodic 
carbonate,  when  orthodibrom-benzene  distils. 

It  crystallLses  at  -  6°,  melts  at  -  1°,  boils  at  223*'-224^  and  has 
sp.  gr.  2*003  at  0°.  On  nitration  it  yields  two  nitro-orthodibrom- 
benzenesy  of  which  the  principal  (NO2  :  Br  :  Br  =  1  :  3  :  4)  melts  at 
58-6°. 

Metadibrom-benzene  is  obtained  from  metabi-om-aniline  by  the 
*  diazo  reaction  *  described  above ;  it  is  also  obtained  from  the  dibrom- 
aniline  pi-epared  by  direct  bromination  of  acetanilide  and  distillation 
with  potassic  hydrate,  by  dissolving  it  in  alcohol  saturated  with 
nitric  acid  ;  dibrom-diazo-benzene  is  first  formed,  but  this  reacts  with 
the  alcohol,  forming  nitrogen,  aldehyde,  and  dibrom-benaene  (comp, 
§  976). 

Metadibrom-benzene  can  also  be  obtained  by  the  action  of  phos- 
phoric bromide  on  metabrom-phenol ;  it  is  still  liquid  at  —  20°,  boils 
at  219°,  and  has  sp.  gr.  1955  at  18*6°.  On  treatment  with  ni^ic  add 
it  pelds  two  nitro-metadibrom-benzenes.     One 

(N02:Br:Br  =  1:2:4) 

melts  at  61 -6°,  the  other  (Br  :  NOj  :  Br  =  1 :  2  :  3)  melting  at  82-6^ 
A  thii-d  (NO2  :  Br :  Br  =  1  :  3  : 5)  is  only  obtained  indirectly. 

Paradibrom-benzene  is  the  chief  ingredient  of  the  nuxture  of 
dibrom-benzenes  obtained  by  direct  bromination  of  benzene,  and  is 
obtained  on  cooling  in  crystals ;  it  can  also  l>e  prepared  by  the  action 
of  phosphoric  bromide  on  parabrom-phenol,  and  from  parabrom- 
aniline  by  the  '  diazo  ranction.'  It  crystallises  in  monodinic  prisms^ 
melts  at  89°,  and  boils  at  218*6°;  on  treatment  with  nitric  acid  it 
yields  only  a  single  nitro-paradibrom-benzene  : 

(Br  :N02:Br  =  1:2:4), 

melting  at  85*4°. 
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Diiodo-benzmes  can  be  obtained  by  the  *  diazo  reaction '  from  the 
oorreHponding  iodo^nilinefl. 

Orthfh-diioda-benzene  is  a  crystalline  body,  boiling  at  a  lugher 
temptrattire  than  its  inomerides;  meta-iodo-benzene  forms  brilliant 
laminse,  melting  at  40*5^,  and  boils  at  285°. 

Paraiodo-henzene  is  also  obtained  by  the  action  of  iodine  and  iodic 
add  on  benzene ;  it  crystaUises  in  laminae,  melts  at  129*4*',  and  boils 
at  277°. 

983.  Ortho-  and  para-halogen  nitro-henzenes  are  obtained  by  the 
action  of  fuming  nitric  acid  on  the  halogen  benzenes ;  they  can  also  be 
obtained,  as  can  the  meta  derivatives,  from  the  nitranilines  by  means 
of  the  *  diazo  reaction.'     The  following  are  known  : — 

C^H4Cl(N0j),  orOuxMor-nitrohenzene,  melts  at  32*6°  and  boils  at 
243°. 

MetacMor'nUrobenzenef  is  obtained  by  the  action  of  chlorine  on 
nitro-t)en2eno  mixed  with  iodine ;  it  melts  at  48°  and  boils  at  233°. 

rarachlor-nitrohenzene^  the  principal  product  of  the  action  of 
nitric  acid  on  monochlor- benzene,  melts  at  83°  and  boils  at  242°. 

(JeH4Br.N02t  artholtroni-nitrobenzene,  forms  long  needles,  melting 
at  43-P  and  boiling  at  261°. 

Meiahrom-nitrohenzene^  melts  at  56°  and  boils  at  256*5°. 

Parabrorn-nUrohenzene.^  melt«  at  125*5°  and  boils  at  255°. 

(JflH4l.N02,  ortho-ioflonitro-benzenef  melts  at  49*4°. 

Afetiodo'uitrolwnzenef  melts  at  36°  and  boils  at  280°. 

J'ari(Hlo-nitrobenze7ie^  melts  at  171*4°. 

984.  JJinitro-henzeneSy  (^,114(^0.2) 2. — A  mixture  of  the  three 
dinitro-l>nn7iCneK  is  readily  obtained  by  slowly  adding  benzene  to  a 
mixture  of  one  volume  of  fuming  nitric  acid  and  two  volumes  of 
silli>hunc  acid  ;  it  is  then  precipitated  by  addition  of  water  and  crys- 
talliM(Kl  from  alcohol.  The  pi'oduct  so  obtained  consists  mainly  of 
fnftoilinitro'ftenzenef  and  can  Ix)  obtained  in  a  state  of  purity  by 
seveml  njcrystiillisations  from  hot  alcohol.  It  theh  forms  thm  flexible 
ncHMllcs  and  molts  at  89*9°.  Tlie  mother  liquors  still  contain  two 
other  dinitro-l)eiiz«»nes,  which  may  be  sepai*ated  from  each  other  by 
ro[)oat(Ml  crystallisation. 

Ortho'dinitrohenzene  forms  colourless  opaque  needles  or  stiiated 
plates,  molts  at  1 17*9'^,  and  yields  ortho-nitraniline  on  reduction. 

ParadiniirO'henzene  forms  colourless  flat  needles,  melting  at  172°, 
and  is  converted  into  i)ai*anitraniline  by  reducing  agents. 

Substituted  Anilinei. 

985.  All  aniline  derivatives  in  which  one  of  the  benzene  hydrogen 
atoms  is  Bul>stitutpd  by  a  negative  ratlical  still  possass  slightly  basic 
c^hanictors ;  the  diamido-bonzenos  ai-e  diacid  ba<jej*. 

Nitro-amithhefizenes,  06ll4(N02).NIl2.  Ortho-nitraniline  is  ob- 
taincHl  by  heating  orthobrom-nitrol)enzeno  with  alcoholic  ammonia^ 
to  180°  : 

OflIf4Br.NO,  +  2Nir3  =  NH4Br  +  C6H,(N02).NH2. 

It  fonns  yellow  cry8t4vl8,  melting  at  117-9°.  It  is  also  obtained, 
together  with  the  pai-a  derivative,  from  the  result  of  tlie  action  of 
liitrir  acid  on  aoetanilide. 
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Metcmitranilvne  is  formed  by  passing  sulphuretted  hydrogen  into 
an  ammoniacal  alcoholic  solution  of  metadinitro-benzene : 

C6H4(NOa)2  +  3SH2  =  2H2O  +  3S  +  C6H4(N02).NH5. 
It  forms  long  yellow  needles,  melting  at  109*9°. 

Paranitraniline, — Nitric  acid  acting  on  acetanilide  converts  it 
into  a  mixture  of  ortho-  and  para-nitracetanilides.  Alkalies  convert 
this  into  the  coiTesponding  nitranilines,  of  which  the  para  compound 
greatly  preponderates  and  can  be  separated  by  crystallisation.  It 
can  also  be  obtained  by  the  reduction  of  paradinitro-benzene.  It 
crystallises  in  yellow  needlas  or  tables  and  melts  at  145'9°. 

Nitroso-dimethyl-aniline,  C6H4(NO)N(CH3)3,  is  obtained  as 
hydrochloride  on  treating  dimethyl-aniline  in  hydrochloric  acid  solu- 
tion with  amylic  nitrite.  On  distillation  with  soda  the  base  is 
obtained  in  green  plates,  melting  at  85°.  It  forms  compounds  with 
aniline,  phenol,  argentic  nitrate,  Ac,  which  crystallise  very  beauti- 
fully. The  compound  2C6H4(NO)N.(CH3)2  +  CgHsNHa  forms 
steel  blue  ciystals,  which  appear  green  by  transmitted  light.  Nitric 
acid  oxidises  nitroso-dimethyl  aniline  to  nitro-dimethyl  aniline, 
CeH,(N0,)N(CH3),. 

986.  Halogen  Amido-benzenes. — The  monochlor-  or  brom-deriva- 
tives  cannot  be  obtained  by  the  action  of  chlorine  and  bromine  on 
aniline,  as  this  only  yields  the  tri-products.  Iodine,  however,  converts 
aniline  into  pariodaniline. 

Monochlor-anUines,  C6H4C1(NH2).  Orthochlor-anUine  is  obtained 
by  the  action  of  tin  and  hydrochloric  acid  on  orthochlor-nitro-benzene. 
It  is  a  liquid  boiling  at  207°,  of  sp.  gr.  1-2338  at  0°.  It  is  a  much 
weaker  base  than  its  isomerides. 

Metachlor-aniline,  prepared  by  the  reduction  of  metachlor-nitro- 
benzene,  is  liquid,  boils  at  230°,  and  has  sp.  gr.  1*2432  at  0°. 

Farachlor-aniline,  prepared  by  the  reduction  of  parachlor-nitro- 
benzene,  by  distillation  of  chlorisatine  with  alkalies,  and  from  chlor- 
phenyl-acetamide,  CgH4Cl.N(C2H30)H,  forms  brilliant  rhombic 
prisms,  melts  at  70°-71°,  and  boils  at  231°. 

Brom-anilhies. — These  compounds  are  prepared  like  the  corre- 
sponding chlor-anilines.  A  mention  of  their  melting  and  boiling  points 
will  therefore  suflBce. 

Monobrom-anilineSf  C6H4Br.NH2. 

Orthobrom-aniUne  melts  at  31°-31-5°  and  boils  at  229°. 

Metahrom-anili'ne  melts  at  18°-18*5°  and  boils  at  251°. 

Parahram-aniUne,  colourless  regular  octahedrons,  melts  at  63°. 

lodo-anilinesy  C6H4I.NH2.  Meta-iodaniline  is  prepared  by  re- 
ducing meta-iodonitro-benzene.  It  crystallises  in  brilliant  laminse  and 
melts  at  25°. 

Para-iodaniline  is  obtained  by  reduction  of  paranitroiodo-benzene 
and  by  the  action  of  iodine  on  aniline.  It  crystallises  in  needles, 
melting  at  60°. 

987.  Diamido-benzeneSy  or  phenyUne  diamines,  C^H^C^ll^)^' 
Ortho-dianiido-benzene,  or  y-phmylene  diamine^  is  prepared  by  the 
re<hiction  of  oitho-nitraniline,  it  melts  at  99°  and  boils  at  252°. 

Metadiartiido-benzeiie,  or  n-phenylene  diamine^  obtained  by  the  re- 
duction of  metanitraniline,  forms  prisms  melting  at  64°  and  boiling 
at  287°. 
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FarcKiiamicUhbenzenef  or  fi-phenyUne-diamine,  is  obtained  faj  tlie 
reduction  of  paranitrauiline  in  scaly  crystals,  melting  at  140^  and 
boiling  at  267°. 

Nitroso-dimethyl  aniline  is  reduced  by  nascent  hydrogen  to  dime- 
thyl diamido-benzene,  C6H4(NHj)N(CH8)8. 

Amido-iizobenzeney  C12H11N3  =  C6H5.N2CgH4.NH2,  is  iflomeric 
with  diazo-benzene  amido-benzene  (§  978),  from  which  it  may  be 
formed  by  allowing  its  alcoholic  solution  mixed  with  an  aniline  salt 
to  stand  for  a  few  days.  The  compound  may  be  thrown  down  by 
water  and  recrystallised  from  alcohol.  It  then  forms  rhombic  prisma^ 
melting  at  1 30°  and  volatilising  at  a  higher  temperature.  It  fonns 
violet-coloured  salts  with  acids,  which  dye  silk  red. 

Nascent  hydrogen  reduces  it  to  aniline  and  paraphenylene- 
diamine : 

.NH 
C6H4  I  +  4H  =  CeH4(NH2)2  +  CftH/:^!^^ 

.N.N(C6H5)H  -"^a 

Aniline  yellow  consists  for  the  most  part  of  this  substance. 

987a.  DicyanO'benzeneSf  CgH4(CN)2.  Metadicyano-henzane,  1  :3, 
is  prepared  by  the  distillation  of  a  mixture  of  potassic  benzene-meta- 
disulphonate  and  potassic  cyanide.  It  melts  at  160°  and  yields  isoph- 
thalic  acid  on  saponification. 

Paradvcyano-henzene,  1  : 4,  is  similarly  prepared  from  benzene 
paradisulphonic  acid,  melts  at  220'',  and  gives  terephthalic  acid  on 
saponification. 

MetanitrO'Cyanohenzeiiey  CgH4(N02).CN,  is  a  crystalline  body, 
obtained  by  the  action  of  nitric  acid  on  cyano-benzene. 

Substituted  Phenols. 

988.  By  the  action  of  chlorine  on  phenol  two  isomeric  mono- 
chlor-phenols  are  obtained  :  orthochlor-phenoly  C6H4C1.0H(1  : 2),  a 
colourless  oily  liquid,  boiling  at  176°-177°,  solidifying  at  —  12°,  and 
melting  at  —  7°  ;  and  parachlor-phenoly  C6H4C1.0H(1  :  4),  a  crystalline 
body,  melting  at  41°  and  boiling  at  218°. 

Metaclilor-phenol,  C6H4C1.0H(1  : 3),  prepared  from  metachlor- 
aniline,  is  an  oil  boiling  at  214°. 

The  brom-phenols,  C6H4Br.OII,  are  produ<ied  similarly  to  the 
clilor  compounds. 

Orthohrom-phenol  is  a  colourless  oil. 

Metahrom-phenol  is  an  oil  boiling  at  227°-229°. 

Parabrom-phenol  forms  colourless  monoclinic  crystals,  melts  at 
66°,  and  boils  at  236°. 

fodo-phenols,  C6H4I.OH.  As  before  stated,  the  three  isomers  are 
formed  simultaneously. 

The  liquid  isomer,  and  that  one  of  the  solids  melting  at  64°-66°, 
are  volatile  in  a  current  of  steam.  The  third  non-volatile  solid  melts 
at  87°  and  is  somewhat  soluble  in  water.  Both  solid  isomers  may  be 
obtained  from  the  iodo-anilines  by  conversion  into  the  sulphate  of 
diazo-iodobenzene  and  decomposition  of  this  by  boiling  water. 

Though  the  constitution  of  these  bodies  is  still  uncertain,  yet  it  is 
probable  that  the  liquid  is  the  ortho  compound,  the  solid  melting  at 
89°  the  meta,  and  that  melting  at  64°-66°  the  para  derivative. 
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989.  Nitro-phenols,  C6H4^N02).OH.  Two  isomeric  nitro-phenols 
(ortho  and  para)  are  produced  by  the  action  of  dilute  nitric  acid  on 
phenol. 

They  may  be  separated  by  distillation  with  steam.  Ortho-nitro- 
phenol  pjisses  over  and  crystallises  fi*om  water  in  sulphur  yellow 
piisms,  melting  at  45°  and  boiling  at  214°.  Paranitro-phenol  forms 
white  prisms,  melting  at  114°. 

Metanitro-phetiol  may  bo  obtained  from  the  metanitraniline 
^melting  at  108°)  by  conversion  into  the  diazo-benzene  nitrate  and 
aecomposition  of  this  salt  by  water.  It  forms  colourless  non- volatile 
prisms,  pretty  soluble  in  water  and  melting  at  96°.  It  may  also 
be  obtained  from  the  sulphonic  acid  of  metadinitro-benzene,  melting 
at  90°. 

Dinitro-phenola, — Ortho-nitro-phenol  under  the  influence  of  nitric 
acid  is  converted  into  the  dinitro-phenoh^  1:2:4  and  1:2:6. 

The  fli*st  forms  yellowish  tabular  crystsds,  melting  at  114°,  and  is 
also  obtained  from  paranitro-phenol  (m.p.  114°).  The  1:2:6  com- 
pound melts  at  64°. 

On  still  fui-ther  nitration  these  two  dinitro-phenols  yield  an 
identical  trinitro-phenol  or  picric  acid,  C6H2(N02)3.0H,  .1:2:4:6, 
m.p.  120°. 

Metanitro-pkenol  gives  also  two  modifications  of  dinitro-phenol, 
y  and  5 — one  melting  at  104°  =  y,  pretty  soluble  in  hot  water, 
easily  in  alcohol  and  ether ;  the  other,  ^,  fine  silky  needles,  melting 
141°  and  separating  in  a  liquid  state  from  its  solutions. 

They  yield  an  isopicric  acid,  on  nitration,  melting  at  174°,  easily 
soluble  in  hot  water. 

Nitroao-phenoly  C6H4(NO)OH,  is  obtained  along  with  dimethyl- 
amine  by  boiling  nitroso-di methyl  aniline  with  alkalies.  After  acidi- 
fying with  sulphuidc  acid  it  may  be  extracted  with  ether,  from  which 
it  crystallises  in  yellow  prisms,  m.p.  120°-130°,  moderately  soluble  in 
water.  It  may  also  be  obtained  by  direct  action  of  nitrous  acid  on 
phenol.  Nitric  acid  oxidises  it  to  paranitro-phenol,  m.p.  114°.  It 
forms  a  sodium  compound,  C6H4(NO).ONa,  with  sodic  hydrate  solu- 
tion, and  on  reduction  is  converted  into  paramido-phenol. 

Amido-phe-nolSf  CgH4(NH2)OH,  result  from  the  reduction  of 
nitro-phenols  by  tin  and  hydrochloric  acid.  They  are  colourless 
ci-ystalline  Ixxlies,  difficultly  soluble  in  cold  water  and  giving  crystal- 
line salts  with  acids.  Ortho-  and  para-nitro-phenol  yield  an  amido- 
phenol,  melting  at  170°.  From  paraortho-dinitro-phenol  and  trinitro- 
phenol  or  picric  acid  the  resj)ective  diamido-phenols,  CgH3(NH2)20H, 
and  triamido-phenol,  C6H2(NH2)30H,  have  been  obtained. 

By  partial  i*eduction  the  dinitro-phenols  give  amido-nitro-phenols, 
of  which  the  following  are  the  examples  as  yet  known  : 

C6H3(N02)(NH2).OH 

from  1:2:4  dinitro-phenol,  and  C6H2(N02)2(Nn2)OH  and 

C6H2(N02)(NH2)20H 

from  picric  acid. 

Alkyl  nitrites  act  on  amido-nitro-phenols,  replacing  the  amido 
group  by  hydrogen,  paranitro-phenol  being  at  the  same  time  pro- 
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dnoed.     This  aeems  to  show  that  the  ortho-nitro  groups  in  nitio- 
phenols  are  the  first  to  suffer  reduction  to  NHj. 

Snlphcnie  Acids. 

990.  Halogen  Bemene-sulphonic  Adds.  —  Paraehlor-hemene- 
nUpKome  acid,  C5H4Cl.SOs.OH,  is  obtained  by  the  action  of  Nord- 
hansen  sulphuric  acid  on  monochlor-benxene.  The  ortho  and  meim 
compounds  are  also  known.  All  three  varieties  of  the  brom-benzene- 
ndjAonic  acids,  CfiHfBr.SO^OH,  have  been  obtained,  similarly  to 
the  chlor  compounds.     Ortho-iodo-benzene-sulphonic  acid : 

CeHJ.SOa.OH, 

is  obtained  by  the  action   of  Nordhausen  sulphuric  acid  on  iodo- 
bttizene. 

By  treatment  of  benzene-sulphonic  acid  with  nitric  add,  or  of 
nitro-benzene  with  Nordhausen  sulphuric  add,  the  three  isomeric 
nitro-benzene-sulphonic  acids  have  been  obtained,  the  meta  compound 
being  always  formed  in  largest  proportion.  Their  salts  exhibit  well- 
characterised  differences,  but  only  the  meta  add,  which  ciystallises  in 
large  deliquescent  plates,  has  yet  been  obtained  definitely  in  the  free 
state. 

The  corresponding  amido-benzene-sulphonic  adds  are  prepared  by 
redaction  of  the  nitro-adds.  Para-amxdo-btnzene-std phonic  acid  is 
also  obtained  by  the  action  of  sulphuric  add  on  aniline,  and  is  ihme- 
fore  tamed  sulphanUic  acid  ;  it  crystallises  in  large  rhombic  tables  of 
the  formula  CeH4(NHj).SOa.OH,H20,  is  difficultly  soluble  in  cold 
water  (112  parts  at  15^),  readily  in  hot  water,  insoluble  in  alcohol 
and  ether. 

Meta-<imido-henzene'SuIphonic  acid  generally  crystaUises  in  anhy- 
drous needles. 

Orthamido-hemene-sulphonic  acid  generally  crystallises  in  rhombo- 
hedrons  of  the  formula  2CeH4(NH,).S0,.0H,H30. 

Ortho-  and  meta-amido-benzene-sulphonic  acids  are  reduced  by 
nitrous  add  to  the  corresponding  diazo-acids  : 

C«H,N,SO,  =  C6H/|J»^>0 

The  ortho  compound  forms  rhombic  plates  and  gives  off  nitrogen 
on  boiling  with  water. 

The  meta  add  forms  small  reddish  yellow  prisms,  which  explode 
when  heated  and  are  decomposed  by  water  at  60°  with  evolution  of 
nitrogen. 

Phenol'Sulphonic  acids,  CeH4(OH).S020H.  Two  isomeric  acids 
of  this  formula  are  obtained  by  dissolving  phenol  in  sulphuric  acid. 
At  ordinary  temperatures  ortho-phenol-sulphonic  add  is  obtained  in 
largest  quantity,  which  yields  readily  soluble  salts ;  this  acid  on 
heating  is  oonv^ted  into  paraphenol-sulphonic  add,  whose  salts  are 
more  d^cultly  soluble  and  therefore  ciystallise  first  from  a  mixture 
of  both.  As  a  rule  the  potassic  salts  are  employed  for  separation,  the 
para  salt  crystallising  in  six-sided  tables,  CeH4(0H)S03.0K,  whilst 
later  the  more  readily  soluble  ortho  salt  separates  in  prisms  of  the 
formuhi  CeH,(0H)S0a.0K,2H,0. 
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Excess  of  sulphuric  acid  or  long  heating  must  be  avoided  in  the 
preparation  of  these  acids ;  otherwise  phe^twlrdigulphonic  acid : 

CoH3(OH)(S02.0H)2, 

will  be  the  principal  product. 

Bensene-distUphonic  adds,  C6H4(S02.0H)2.  The  meta  and  para 
compounds  are  known,  and  are  both  obtained  by  the  action  of  sul- 
phuric acid  on  benzene-monosulphonic  acid  or  of  fuming  sulphuric 
acid  on  benzene,  the  product  mainly  consisting  of  the  former  if  the 
temperatui-e  be  kept  low,  whilst  the  para  acid  predominates  at  higher 
temperatures ;  the  acids  being  best  separated  by  means  of  the  different 
solubilities  of  their  potassic  salts,  the  para  salt  being  least  soluble. 

DiphenoU,  O^^l^  :  (0H)2. 

991.  All  the  possible  isomeric  bodies  of  this  formula  are  known, 
and  the  relative  positions  of  the  hydroxyl  groups  have  been  settled 
with  compai-ative  certainty. 

992.  Pyroca,techin,  catechol  =  ort^w-dioxi/'benzene,  may  be  ob- 
tained by  the  dry  distillation  of  catechu,  kino,  and  some  other  tanning 
materials,  and  also  from  the  liquid  ortho-haloid-phenols  and  from 
ortho-phenol-sulphonic  add  by  the  action  of  fused  potash.  Cellulose 
heated  with  water  for  a  long  time  to  200°  is  also  said  to  yield  ortho- 
dioxy-benzene.  It  is  readily  soluble  in  water,  alcohol,  and  ether,  and 
crystallises  in  quadratic  prisms,  melting  at  102°.  It  volatilises  below 
its  melting  point  and  boils  at  about  245°.  Its  aqueous  solutions  are 
coloured  green  by  ferric  salts,  the  colour  being  changed  by  alkalies  to 
red  or  violet.  It  forms  a  precipitate  with  lead  salts  of  C5H4  lOj  :  Pb, 
and  its  solutions  reduce  gold,  silver,  and  platinum  salts.  Nitric  acid 
oxidises  it  to  oxalic  acid. 

Di<icetyl  pi/rocatechiny  C6H4(OC2H30)2,  crystallises  from  alcohol 
in  easily  fusible  needles. 

A  tetrabrom  compound,  C6Br4(OH)2,  is  formed  by  heating  proto- 
catechuic  acid  to  100°  with  bromine,  or  by  the  direct  action  of  the 
halogen  on  the  phenol. 

O  CH 

Methyl  pyrocaiechin,  C^^'^^    ^,  or  guaiacol,  is  obtained  by  the 

dry  distillation  of  guaiacol  resin  and  from  beech-wood  creasote,  also 
synthetically  by  heating  pyrocatechin,  potassic  hydrate,  and  potassic 
methyl  sulphate  together  to  180°  : 

ri  XT  *^^  _i  .KO.  Qtf^    n  TT  •OCH3         1^  Q^ 

^fi^^OH  "*■  CH3.O.  ^^«  -  ^«^^0H      +  ^«^^^ 

It  is  a  colourless  liquid,  boiling  at  200°,  forming  crystalline  compounds 
with  alkalies,  e.g.  C6H4(O.CH3)OK,  and  splitting  up  on  heating  with 
hydiiodic  acid  into  methylic  iodide  and  pyrocatechin. 

Dimethyl  pyrocatechin,  C6H4(O.CH3)2,  boils  at  205°-206°. 

993.  Resordn,  metadioxy-benzene,  is  formed  by  the  distillation 
of  many  resins-  galbanum,  assafoetida,  sagapenum,  &c — ^with  potassic 
hydi-ato.  It  is,  however,  most  easily  obtained  by  the  dry  distillation 
of  extract  of  Brazil  wood  (=  brazilin  C22H,,07  and  umbelliferon 
C-jH^O^).  It  has  also  been  obtained  from  meta-  and  para-brom- 
phcnol,  and  from  benzene  meta-  and  para-disulphonic  acids,  and  from 
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betUDCTke  solphonic  tkcvis  bj  fbsion  with  alkmliw.     It 
d^onrlew  trielinic  tables  and  priszns^  which  are  very  soluble  in 
melt  at  110:,  and  loil  at  271'.     Ferric  chloride  colours  its 
•olution  deep  Tiolet.     Ammonia  removes  the  colour. 
The  diac^inU,  C^H^hX'jHjOjj,  is  a  colooriess  oiL 
On  warming  with  alk^ies  an*l  ethyl  iodide  a  diethyl  etlier,  hj^ 
351%  is  formed  : 

C*H/g|  +  2C,H  J  =  2KI  +  C«H,(O.C,H,)^ 

Peni^tchlyrrfsorcin^  C^HCljO^  melts  at  92-5=. 

Pentahrom-rtSKJ^cin,  C^HBr^O^  melts  at  113*5=. 

Hydriodic  acid  redaces  them  to  trihaloid  compoonds. 

JfononUrfhrescrcin^  C^HjiNO^KOH)^*  prepared  bj  the  action  o£ 
nitrons  acid  on  an  ethereal  solution  of  resoran,  msAts  at  115%  and 
gires  by  the  action  of  bromine  a  dtlMx>m-nitro-resorciny  mdiii^  ai 

9M.  II>f*Jro-quinoTMj  pnrtuiioxtf-henzene,  was  first  obtained  bj 
the  dry  distillation  of  quinic  and  dioxy-beozxHC  acids,  or  by  oxidising 
qmnic  acid  with  plumbic  peroxide.  It  is  also  obtained  by  the  decom- 
position of  its  gluooside,  arhutin,  with  dilute  acids  ;  by  the  action  of 
nascent  hydrogen  or  reducing  agents  (usually  sulphurous  acid  or 
hydriodic  acid  in  a^jueous  8<^ulion)  on  quinone,  C^HfO, ;  by  heating 
diazo-phenol  sulphate,  obtained  by  the  action  of  nitrous  acid  on 
phenol  in  ethereal  solution,  with  excess  of  sulphuric  acid ;  and  from 
pariodo-phenol  by  fusion  with  potassic  hydrate. 

It  forms  colourless  rhombic  plates  and  prisms,  melting  at  159° 
and  readily  subliming  in  glistening  plates.  It  has  a  sweet  taste  and 
is  readily  converted  by  oxidising  agents  into  quinhydrone  and  quinone. 

Haloid  derivatives  are  produced  by  the  reduction  of  haloid  quinone 
compounds. 

iffmochlar-hydro-quinone,  CgHjC^OH),,  is  soluble  in  water,  alco- 
hol, and  ether. 

Diehlar-hydro-quiiume,  C5H,C1,(0H)2,  m.p.  164°,  sublimes  at 
1 20^  and  is  almost  insoluble  in  water. 

TrichloT'hydr(H]uincme,  CeH.Cl3.(OH)2,  forms  plates,  m.p.  134°, 
soluble  in  boiling  water. 

TetrachloT'hydro-quirume,  C.Cl4(0H)„  is  insoluble  in  water. 

The  corresponding  bromine  compounds  are  known ;  they  resemble 
the  chlorine  bodies  very  closely. 

No  iodo- hydro ^uinones  are  known,  but  a  dinitro  compound, 
CfiH,(N0j)j(0n)2,  has  been  obtained,  forming  yellow  crystals. 

The  sulpho  compounds  of  these  phenols  have  not  been  much 
studied. 

Arbutin,  0251^340,4,  is  a  gluooside  of  hydro-quinoiie.  It  is  con- 
tained in  the  leaves  of  Arbutus  uva  ursi  and  Pyrola  umbeUaia,  from 
which  it  may  >>e  obtained  by  treating  the  aqueous  extract  with 
plumbic  acetate  and  decomposing  the  filtrate  with  hydric  sulphide. 
The  filtrate  from  the  plumbic  sulphide  gives  on  eva)x>mtion  silky 
needles  of  a  bitter  taste,  soluble  in  water,  difficultly  so  in  alcohol  and 
ether,  and  of  m.p.  170°.  It  yields  quinone  on  distillation  with  an 
oxidising  agent  and  a  chlorinated  quinone  on  treatment  with  chlorine. 
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Tetranitro-avbutin,  C25H3o(N02)40|4,  is  said  to  be  produced  by 
the  action  of  concentrated  nitric  acid.  It  gives  an  acetyl  derivative, 
as  does  arbutin  itself. 

Quinone, 

995.  Bodies  of  this  class  are  formed  from  aromatic  hydro- 
carbons by  the  replacement  of  two  hydrogen  atoms  by  two  oxygen 
atoms,  which  are  supposed  to  be  so  linked  together  as  to  form  a  diad 
group,  and  as  such  are  always  combined  directly  to  the  carbon 
nucleus. 

Quinone,  C6H4O2,  results  from  the  oxidation  of  hydro-quinone ; 
by  the  distillation  of  many  plant  extracts  with  oxidising  substances, 
most  readily  from  quinic  acid,  on  heating  with  a  mixture  of  sulphuric 
acid  and  manganic  oxide;  by  the  oxidation  of  para-amido-phenol, 
l)aradiamido-benzene,  benzidine,  or  dipara-amido-diphenyl,  but  l^est 
of  all  from  aniline  by  oxidation  with  chromic  mixture.  It  forms 
golden  yellow  prisms,  melting  at  116°  and  which  volatilise  at  the 
ordinary  temperature.  It  has  a  pungent  odour,  somewhat  like  iodine, 
and  attacks  the  eyes  violently.  It  acts  as  a  kind  of  peroxide,  con- 
verting sulphurous  acid  into  sulphuric  : 

CgH^Og  -f  S0(0H)2  -f  OH2  =  C6H4(OHj)  -f  HaS04, 

hydro-quinone  being  produced,  in  consequence  of  which  the  consti- 

/^ 

tutional  formula  C6U4^  I  has  been  assigned  to  it. 

Bodies  which  yield  quinone  on  oxidation  alone  yield  haloid 
quinones  when  submitted  to  the  simultaneous  action  of  halogens  and 
oxidising  substances.  For  the  preparation  of  chlorine  derivatives  the 
oniinary  mixture  of  manganic  oxide,  sodic  chloride,  and  sulphuric  . 
acid  may  be  used  with  quinic  acid.  In  this  way  mono  and  higher 
chlorine  products  are  formed. 

ManocJilor-quinoney  CfillaClOa,  melts  at  100°. 

Dichlor-quinonej  CgH^CljOa,  is  formed  along  with  the  mono  as 
above,  and  also  from  trichlor-phenol  by  poweiful  oxidising  agents. 
It  melts  at  120°. 

Trichhr-quinone,  CgHCla-Oa,  melts  at  165°  and  is  insoluble  in 
water. 

Mono-  and  dibrom-quinones  have  not  been  prepared. 

All  the  chlor-quinones  yield  sulphonic  acids  by  the  action  of  add 
alkaline  sulphites. 

996.  Quinht/drone. — This  body  is  formed  on  mixing  solutions  of 
quinone  and  hydro-quinone,  and  also  by  the  incomplete  oxidation  of 
hydro-quinone  and  by  the  incomplete  reduction  of  quinone.  It  forms 
shining  gold  green  needles. 

Its  formula  is  not  yet  determined  with  absolute  certainty.  It 
may  be  either 

^«"^0H     H0.^«"*  ^"^  ^«^».O.O.C6H4.0H 
1.  Pheno-quinone,  CigH]404,  results  when  aqueous  solutions  of 
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t97.  A  TfTT  lioiiud  Ltzm>j«r  crJr  'jf  thft  vers-  cmbepgas  kuyvii 
tfmty/mA  ^jtLSJift  nz^tst  thi*  cktceorr  e»i«  u^  cocdukririi  here 

Titfj  JhH  #x«M;  »JttJ«^  xkj:  fpxjfinl  P'jm.zlit  C^H^j,  C^HjXjY, 
MTdl  C^lf^.XVZ,  ilk  Thk4k  X.  Y,  ar.^i  Z  icaj  decoie  the  diflercBt 

Tb^  DMT  Ik  iMiiMd,  uxTjiTiiii^  Ur  XJL*:  pQRaoo  of  cLe  sabsdnEtzDC 

tymw^riaai  ^  1:3:5,  unJtymm^tricfil  =  1:2:4, 
ai^  er/n*te*iii9t  =  1:2:5. 

TrihnJUAd  H^nct^r^Jt. — Tr>hlor-lj^:iaDec«y?,  C^H^nj.  The  three 
tir«n^?n  are  knr/wiL,  The  1 :5:5  motUficadon,  prepared  from  trichlo:^ 
MMiWuth,  iD^tA  «i  63'4'.  arid  crT^tAUi^es  in  lo&j?  Dee^iles,  and  baOs  at 

1:2:1  tricblor-beiuDeiie,  obtained  br  the  direct  acdon  of  ddoriDe 
r>n  \0!tiifithf:f  fortDM  rhfjsnhic  pmm^,  meltir*^  at  17'  and  boQine  at 
206''-210\  It  iff  alffo  obtained  from  C\C1^H<  bj  the  action  of 
poiMMC  hjdnie. 

1 :2:3  tmhl^ST-benzene,  olitained,  together  with  the  la^t.  from  the 
tuHon  of  chlorine  on  metaohlor-acetanilide  and  snec^scivelj  boilinr 
the  neralting  trichlor-onilineii  with  cao.stic  soda  and  with  potasFoc 
nitrite,  forms  Urge  tables,  melts  at  53*-54'-,  and  boils  at  21S--219*. 

Tri^/r(nnrbenzene§,  C^H^Br,.  The  sjtl  metrical  modification, 
(1 :3:5),  obtained  by  the  reaction  between  ethyl  nitrite  and  tribrom- 
aniline,  and  from  metadilnxim-amido-benzene,  melts  at  119°  and 
boils  at  278^ 
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Unsymmetrical,  (1:2:4),  prepared  by  the  decomposition  of 
benzene  hexabromide  with  potassic  hydrate  and  by  the  direct  action 
of  bromine  on  benzene.  It  forms  shining  needles,  melting  at  44^  and 
boiling  at  276°. 

Consecutive,  (1:2:3),  obtained  from  tribrom-amido-benzene  by 
replacement  of  the  amido  group  by  hydrogen,  crystallises  in  beautiful 
rhombic  plates,  melting  at  87*4°. 

Triioclo-heiizene,  CfiHglg,  prepared  from  benzene  by  means  of  iodic 
acid  and  iodine,  forms  needles  melting  at  76°. 

The  various  nUro-dihromrhenzenea  have  already  been  mentioned 
under  dibrom-benzenes  (§  982). 

The  following  nitro-dichlor-benzenes  are  known,  the  position  of  the 
nitro  group  being  taken  as  1 : — 

1:2:4  forms  needles,  melts  at  32°. 

1:2:5  crystallises  in  tablets,  melts  at  55°. 

1:3:4  forms  long  needles,  melts  at  43°. 

1:3:5  crystallises  in  thin  plates,  melts  at  64°-65°. 

A  nitro-diiodo-benzene,  1:2:4,  is  also  known,  which  melts  at  168**. 

Diddor-anilines,  C6H3CI2.NH2.  Five  of  these  bodies  have  been 
obtained  by  reduction  of  the  corresponding  dichlor-nitrohbenaenee. 

(1 :2:3)  melts  at  23°-24°,  boils  at  252°. 

(1 :2:4i,  needles,  melts  at  62*5°,  boils  at  245°. 
1:2:5),  colourless  needles,  melts  at  20°. 

|l  :3:4),  crystalline  solid,  melts  at  71*5°,  boils  at  272°. 
1:3:5),  white  brittle  needles,  melts  at  50*5°. 

Dibrom-anUineSf  CgH3Br2.NH2. 

1:2:4  crystallises  in  large  flat  rhombic  prisms,  melts  at  79*4^. 

1:2:5  crystallises  in  nodular  groups  of  prisms^  melts  at  51°'52^« 

1:3:4,  colourless  crystals,  melts  at  80*4°. 

1:3:5,  white  needles,  melts  at  56*5°. 

1:2:6  (?)  has  probably  also  been  prepared. 

JDinitraniline,  CgH3(N02)2.NH2  [1 : 2 : 4],  is  prepared  by  the  action 
of  alkalies  on  diniti'o-phenyl-citraconamide,  and  from  the  correspond- 
ing dinitro-chlor-benzene,  by  heating  with  ammonia.  Ammonic 
sulphide  converts  it  into  nitro-phenylene -diamine : 

C6H3(N02)2.NH2  +  3H2S  =  C6H3(N02)(NH2)2  +  2OH2  +  3S. 

It  forms  greenish  yellow  tabular  crystals,  melting  at  182°-183**, 
and  does  not  combine  with  acids. 

The  isomeric  (1:2:6)  compound  is  obtained  by  heating  the  ethylio 
or  methylic  ether  of  dinitro-phenol  with  ammonia.  It  melts  at  138^ 
and  crystallises  in  yellow  needles. 

998.  Substitution  Products  of  Phenol,  —  Consecutive  dichlor- 
phenoly  CeH3Cl2.0H,  1 :2 :6(0H  =  1),  forms  hexagonal  needles,  melts 
at  43°,  and  boils  at  209°  : 

Unsymmetrical  dichlor-phenol,  1:2:4,  melts  at  65°  and  boils  at 
219°. 

A  dibrom-phenol,  1 : 2 : 4,  is  formed  by  the  direct  action  of  bromine 
on  phenol ;   it  melts  at  40°. 

Diiodo-pJienoly  (1:2:4),  melts  at  150°. 

Phenol  disulphonic  acid,  1:2:4,  is  readily  obtained  by  treating 
phenol  with  excess  of  sulphuric  acid. 
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i^HttfU"  tu4Af  Mti^i  m-v^nA  fAitffr  i/fffi'wsn  U  tLig  Eiatore.  It  crrvtallise^ 
fr^/^M  H^i*tMffftH  witifrry  wAnt'ym  m  rittneMic  pramj*  rA  the  forviiibi 
/^,M/OMk.2H/^  'H\tmf9^M  jtii  cry«rt*l  water  at  100' and  melts 
Ni  5^?^/'',  It  i*  ^fMflti  iu  whUfT,  fiU^fjinA,  Mtd  etber,  and  gires  a  deep 
vj>/l<f*/  i'j^fUfm^Ji^m  with  Uftru'.  iwJUi,     11**^  truieetaU,  C5H,(O.C,H,0)„ 

O/i  ^/TM^^trntii  witfi  numniriiti  thin  nhiriing  cryntals  of  phhramine 

Nlit'^nm  H/?id  forain  a  MiilifdAncff  of  the  compofdtion  C|  2Hg05,  termed 
|fhlor#4lri,  whU'h  ^mm  a  d''<)p  purple  ffolution  with  alkalies. 
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The  following  compounds  of  phloro-glucol  haveaJso  been  described  : 
Tribromide,  C6Br3(OH)3. 
Trinitro-phloro-ghicol,  (.^e(N02)3(OH)3. 
Phloro-glucido,  CijHjoOs. 

TetrasubstUution  Derivatives  of  Benzene, 

1001.  All  three  possible  tetnvchlor-benzenes  are  known. 
Symmetrical,  (1 : 2:4:5),  is  obtained  by  the  action  of  chlorine  on 

benzene;  it  crystallises  in  needles,  melts  at  139^,  and  boils  at  240°. 

Unsymmetricaly  (1:3:4:5),  obtained  from  ordinary  trichlor-aniline, 
melts  at  150^  and  boils  at  24G°. 

Consecutive^  (1:2:3:4^,  produced  from  consecutive  trichlor-aniline, 
crystallises  in  needles,  melts  at  46°,  and  boils  at  254°. 

Unsymmetrical  tetrabrom-henzeney  (1:3:4:5),  is  obtained  by  the 
action  of  phosphoric  bix)mide  on  ordinary  tribrom-phenol  or  from 
ordinary  tribrom-aniline ;   it  forms  long  needles,  melting  at  98*5°. 

Another  modification  of  as  yet  undeteimined  constitution  has  been 
obtained  by  the  action  of  bromine  on  benzene ;  it  melts  at  140°. 

I'Hbrom'pIienol,  (1:2:4:6),  obtained  directly  by  the  action  of 
bromine  on  phenol,  forms  colourless  needles,  which  melt  at  95°. 

Triiodo phenol,  (1:2:4:6),  obtained  by  the  action  of  iodine  and 
iodic  acid  on  phenol,  melts  at  156°. 

Two  tricJdor'anilines  are  known. 

1:2:4:5,  prepared  by  reducing  the  corresponding  nitro-trichlor- 
benzene,  forms  colourless  needles,  melting  at  96*5°  and  boiling  at  270**. 

1:2:4:6  is  obtained  by  the  action  of  chlorine  on  aniline ;  it 
crystallises  in  brilliant  needles,  melts  at  77*5°,  and  boils  at  260°. 

Trihrom-anilineSy  C6H2Br3.NH2. 

1 :2:4:6,  colourless  needles,  melting  at  118°. 

1:3:4:5  is  crystalline,  and  appears  to  decompose  below  the 
temperature  of  fusion. 

Trinitr aniline,  picramide,  C6H2(N02)3.NH2  (1 : 2 : 4 : 6),  is  obtained 
by  the  action  of  ammonia  on  trinitro^lor-benzene  or  on  ethylic 
picrate.     It  forms  dark  green  or  violet  crystals,  which  melt  at  188°. 

The  most  important  member  of  the  group  is 

Trinitro-plienol,  or  Picric  Acid,  C6H2(N02)3.0H  (1:2:4:6). 

1002.  Trinitro-phenol  is  obtained  by  the  action  of  excess  of  nitric 
aoid  (finally  assisted  by  heat)  on  phenol,  on  paranitro-phenol,  on  both 
dinitro-phenols,  also  on  indigo,  aniline,  and  many  resins.  It  is  diffi- 
cultly soluble  in  cold  water,  more  readily  in  hot  water,  alcohol,  and 
ether,  and  crystallises  in  brilliant  pale  yellow  prisms  and  plates; 
it  melts  at  122°  and  explodes  on  stronger  heating. 

Its  solutions  dye  silk  and  wool  of  a  permanent  yellow  colour.  Its 
tustc  is  intensely  bitter,  and  it  behaves  to  metallic  compounds  like  a 
strong  acid  (hence  the  name  picric  a<:id).  The  salts  crystallise  well, 
are  of  a  deep  yellow  colour,  and  explode  with  great  violence  on  heating 
or  percussion.  FoCassic  picrate,  CeH2(N02)8QK,  forms  needles 
difficultly  soluble  in  water,  whilst  the  sodic,  ammtmic,  and  bai*ic  salts 
are  difficultly  soluble. 

Ficidc  acid  also  yields  peculiar  crystallisable  compounds  with  many 


hyriifwartmrLs  '"^oicaxsr  '«  'b*^  unmsirie  .rrmro  •  e.;;.  wah 
Vf  i^nxptw.   >nt  nwc^ilr  vitU  ^anhniiiifn^.  mthmcRie.  ice 
W'tii    -niorrrtr   ^r  *.iiiM»  .t  -irtiia   'aiofmcriii    <>  lAct)  :  widi 

yiMin^  irmtrry-^iUnr-^^tman*^.  :t«r!Xiiii^  ai?«>fiLe9  meitziig  ac  ^^3°.  ^^vincb 
«^  rpcnnrprrpfi  into   nicrrc    ii*:*i    >r    viiCer    uui    iiv    unmaiim    into 

*  jh  pAfoiiix^  «iipiiiin!ereci  hy.trnjrpn  into  an  .Ucnhoiiit  joinskn  dt 
^unmoiue  picrntii!^  snioiinr  .vmi'act';^  uitL  icroniiii^  to  die  ecfoaziaii  : 

the  ^ammnnie  «lr  <3f  pHS^mic  iciti  is  rrmnefL  mnn  which,  aeeoe  aeid 
lilwnase*  die trm  iciii  m  iiMUro-Hmuiih-pism**LC^H^y0^^1SrE[^,OH^ 
forming  rptd  ne^filfa  'if  jcxd  pmiK»m«9  ineitiii4;  iir  I»]5^. 

Fn  taiipnnii  «iiaQ«m.  in  jUh  -itiier  iuuid.  hxx  moieenies  of  dcii- 
phnrpfr«>ii  'rir<im^pa.  npacr  'in  unmaaic  pkzace.  rieiiuii^  euwwtiio  niitnK 
pk^uu,  «"  ^  H.^  N*  i  ^<  N  H .*  1 3.1  >  H,  'TrvsrailiiBin^  in  iark  veilow  needlaB 
rir  pbir#>ji  4nii  yiipitum:  miiiut  ^sampt^taads  with,  -xxdi  ;Mad8  and  hmin 

By  34ie  iction  'it  titn  uui  hydmcnioric  vicxii  on  phenoL  when,  twf^f, 
,a  r«r7'«t;),ilinf*  •^ranniMU  chinrxfie  •fonbie  ioit  ippacuKs.  which,  by  lieeom- 
prtfiitinn  ^rh  '4iilphiireu>>fi  iiy*iinieai  xad  evTipfnndan.  of  the  JUtzate^ 
jiei«iH  i^nlnnrim  oeerOefl  of  ti'taaoKiiUi-pkgmH  kifiroeklaride  : 

mfwiily  itnluhie  in  w;Ui>*r.  'iilfiiniltly  in  hyimefaloric  ^u'id.  from  whidi 
triamiiicvphpnr^l  cuizuic  oi^  j<»pAr:Uf*(i  mn*hanggfi.  By  mfgrnig  with 
nolntinn  of  f^nric  chliiriti**  yeilowiah  brown  neeiilpa  wni.  hiouih.  Instzv 
i»#!pftr»te /if  ^tll**»/*>-A//f/r^^Sl)-;pA#W4^/  h$j*iTochittriil»',  which  •iiBWilve  with. 
hitnsih    e/^Uwr   in  water.     The   reaction    procecfia   accorrfing  to   the 

CVHt,<Ofrii3rH/.T  3  -r  Fe,r:l.  =  Fe/,1,  ^  4Ha 

By  4U>w  a^rtisioa  of  a  hoc  sointitm  of  one  part  of  pteric  acid  in 
miike  pfMtA  of  water  to  a  .<v«lntion  of  two  porta  of  potaatac  cyanide  in 
tfmr  pi^rtM  of  water  YitxtM  U>  ^'f,  a  re<i  cokKir  is  developed,  and  on 
<!0o4in^  hrowniah  red  iKalen  of  mecaltic  jueen  Iristre  separate  iji  poimme 
p%^t^f.yamaU  or  i$&pmrfmraU,  C^.K^^O^  (axnp.  §  1>±2>,  which  are 
little  jiolnWe  in  eoW,  b<k  readily  in  hoc  water,  and  dL^solve  in  alcohol 
with  'ie^  reri  ef>laar,  and  in  the  dry  state  tx^oiiii  Tioiently  on  heat- 
mgr     T)Mi  free  laoyarporic  acid  haa  not  yet  been  obtained. 

Penfda  SvhttUutifm.  fjeriz/xtit^^  of  Awz^jw. 

1009.  The  /^hkyrtneand  bromine  compoands  are  known ;  they  both 
ery^^tallMe  m  needfen.  I^rUaehl^-hfTuzene,  (\HC\,  melts  at  So"*  and 
Vjil«  *i  mbont  270^  ;  j^.niahrc^m'htnz^nM  does  not  melt  at  240^. 

TrinUro^e$*>rciny    C^H(N02)3(OH)2,  mbo    known  as    carypicHe 
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acid  or  atyphnic  add,  is  obtained  by  the  action  of  cold  nitric  acid  on 
resorcin,  and  from  moritannic  acid,  many  gum  ■  resins  (e.g.  galbanum, 
ammoniacum),  also  from  the  extracts  of  Brazil  and  Sapan  woods  by 
boiling  with  nitric  acid.  It  crystallises  in  yellow  hexagonal  plates  or 
prisms,  melts  at  175°,  and  can  be  sublimed  by  careful  heating,  but 
explodes  on  quick  heating.  It  is  difficultly  soluble  in  water,  readily 
in  alcohol  and  ether,  and  behaves  as  a  strong  dibasic  acid,  whose 
salts,  C5H(N02)3(OM)a,  crystallise  well  and  are  explosive. 

Tetrahrom-amliney  C^HBr4.NH2  (1:2:3:4:6),  is  formed  by  the 
action  of  excess  of  bromine  on  metabrom-aniline,  or  on  the  dibrom- 
anilines,  (1  :2:4)  or  (1:3:6);  it  crystallises  in  needles,  melting  at 
115-3°. 

Hexa  SvhstUution  Derivatives  of  Benzene, 

1004.  ffexachlor-benzene,  CgClg,  also  termed  perMor-benzene  or 
JuUn*8  chloride  of  carbon,  is  the  last  product  of  the  action  of  chlorine 
on  benzene,  especially  when  assisted  by  antimonic  chloride  at  the 
boiling  temperature.  It  is  obtained  synthetically  by  passing  the 
vapours  of  chloroform  or  tetrachlor-ethylene  through  red-hot  tubes  : 

6CHCI3  =  6HC1  +  SCla  +  CsCls 

o\j^^\^  ^  UL/I2  ~r  ^s^-'lg, 

and  from  acetylene  tetrachloride  (§  752)  at  360°  : 

3C2H2CI4  =  6HC1  +  CeClg. 

It  crystallises  in  colourless  prisms,  melting  at  222°-226°  and 
boiling  at  about  330°. 

Hexabroni-benzene  is  prepared  by  the  action  of  bromine  in  presence 
of  iodine  on  benzene.  It  resembles  the  chlor  compound,  but  melts  at 
above  310°,  crystallises  in  needles,  and  can  be  sublimed. 

Pentahrom-aniline,  CgBr5(NH2),  is  formed  by  the  action  of 
bromine  on  symmetric  dibrom-aniline.  It  crystallises  in  transparent 
needles  and  does  not  melt  at  222°. 

Quinone  and  Ilydroquinone  Derivativee. 

1005.  TetracMor-quinon^y  or  cJiloranil,  CgCl402,  is  obtained,  to- 
gether with  trichlor-quinone,  by  the  chlorination  of  quinone,  or  still 
better  by  careful  treatment  of  aniline,  salicylic  add,  or  phenol  with 
hydrochloric  acid  and  potassic  chlorate.  It  crystallises  in  brilliant 
yellow  plates,  readily  soluble  in  boiling  alcohol,  which  can  be  sublimed 
undecomposed,  and  is  converted  by  phosphoric  chloride  into  hexachlor- 
benzene. 

Tetrachlor-quinone  dissolves  with  purple-red  colour,  in  hot 
potassic  hydrate  solution,  and  on  cooling  pnrpl^red  crystals  of  potasitio 
chloranilaUy  CgCl202(OK)2,H20,  separate,  At^m  whidi  sulphuric  add 
liberates  chloraniUc  cicidy  crystallising  in  reddish'  white  scales  of  the 
formula  C6Cl20j(OH)„H20. 

Sulphurous  add  converts  chloranil  into  tetrachlor-hydroquinone : 

CfiCl^Oa  -f  2H2O  +  SO2  =  HjS04  +  C6Cl4(OH)2. 
ChloraniUc  acid,  on  heating  at  lOO*'  in  closed  vessels  with  sulphuroua 
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add,  is  conTerted  into  kyirocAloraHiUe  acid  or  dicAlor4eirak^drQSt^ 

Hjdrodilormnilic  acid  crrstallfies  in  white  needks ;  when  expoiied  to 
air  in  a  damp  ooodition  it  is  reconTcrted  into  chkranilic  acid ;  with 
chloncetTl  it  jidik  a  orrstalline  acetate,  CcCl^0.C,H,0)4,  which 
mdtB  amJt^ed  at  iiSa''. 

1006l  r^irabromh^imomey  or  bromamU^  CcBr^Oj,  n  obtained  by 
adding  1  part  of  phenol  to  a  mLxture  of  10  parts  of  bromine  and  3^ 
parts  of  iodine  placed  under  water  ;  after  heating  for  two  boors  the 
crude  prodact  is  extracted  with  csurbonic  disnlphide,  when  bromanil 
remains  nndisaolTed.  It  cirstallises  in  golden  jrdlow  plaites  and 
behares  amilarlT  to  chlorsmil. 

1007.  TeirahnHm-pyroeiUecAim^  C^Br^(011)^  is  obtained  l^-  rob- 
bing toeeether  pyiocatechin  and  excess  of  bromine ;  it  crjstnlliaes  in 
brownish  red  ikeedleBt  insolnbie  in  water. 

Tribn^m-p^ro^aOoiy  C^BtJlOH)^  is  prepared  from  pjrogaDol  bj 
action  of  bromine ;  it  forms  flat  jeUow-coIoared  needles^  whidi  diasolTe 
in  boiling 


599 


HOMOLOGUES  OF  BENZENE.  OR  ALKYL  BENZENES, 

'-^n"^  2n  -  6* 

1008.  The  bomologues  of  benzene  are  product  by  the  replaoement 
of  one  or  more  of  the  hydrogen  atoms  in  benzene  itself  by  the  alcohol 
radicals  of  the  0^11 2^^.  j  scries.  They  combine  the  properties  of  the 
benzene  and  of  the  ethane  series  of  hydrocarbons. 

In  the  case  of  methyl-benzene  or  toluene,  O8H5.CH3,  only  one 
modification  is  known,  but  with  the  higher  members  of  the  series  the 
number  of  isomers  may  be  very  large,  the  diversity  arising  partly 
from  isomerism  in  the  substituting  alkyl  group  itself,  and  partly 
from  position  isomerism  (in  the  case  of  cQ  and  tn  derivatives)  in  the 
benzene  nucleus. 

The  following  table  shows  all  the  compounds  of  the  group  known 
at  present : — 


1 

Mooolkyl  Benzenes 

Dlalkyl  BettBBn«8 

1 
Trialkyl  Benzenes 

Tetm-alkyl 
Benzenes 

CgH,2 

Toluene 
Ethyl  benzene 

Propyl  benzene 
Iflopropyl  benzene 

CgHj.CiHg 
l8obut>  I  benzene 

Isoamyl  benzene 

C.H,.CH(C,H,), 
Diethyl  carbln- 
benzene 

Isohcxyl  benzene 

C.H,(CH,), 

0.-,  p.-,  and  m.- 
zylenee 

Etbyl-methyl 
benzene 

p.-  and  m.-propyl- 
methyl  benzene 
Isopropy  1-methy  I 
benzene 

P.-<tiethyl  benzene 

O.H,(C.H.,).CH. 

Isoamyl-methyl 
benzene 

C.H,(CH,), 

MesityleM,  (1:8:0) 
Pseudocumene,  (1:8:4) 

C.H.(CAXCU^ 

Ethyl-dimethjd  benzene, 
(l:8:4>and(l:8:ft) 

CACCAXCH,), 

Propyl-dimethyl 

benzene 

Isopropyl-dimethyl 

benzene 

C,H,(C,H5),.CHj 

Diethyl-methyl 
benzene 

C.H,(C,H»). 
Triethyl  benzene 

C.H,(C.H„)(CH,), 

Isoamyl-dimcthyl 
benzene 

C.H,(C.H,)rCH. 

Dipropyl-methyl 
benzene 

C,H^CH04 

Tetramethyl 
beazene  (dnrene) 

C.(CH.). 

Hezamethyl 
benzene 
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1009.  Tlie  monaikri  benzenes  may  all  Ije  obtained  srntheiieallj — 
(1)  hj  the  action  of  aodhun  on  a  mixture  of  a  monohaloid 
monohakiid  or  paraffm  diluted  with  perfectly  diy  ether  : 

C^HjBr  +  Br.e.H^^.  i  +  Na^  =  SNaBr  +  C^H^C.Hg.^. »  ; 


(3)  W  dJBtfnation  of  calcic  aahs  of  addi  of  the  benaoic  aeries  with 

eSDOBBB  OK 


As  hr  as  is  jet  known  they  are  all  liquids.  The  monalkj] 
deriTatiTeB  yield  on  oxidation  hen«>ic  acid ;  e^ 

C^Hs-CHj  +  2C1O3  =  CtjOj  +  OH,  -h  C4H4.CO.OH  ; 

whikft  the  homokigafli  grre  heftanip  add  and  also  carbonic  anhydride 
from  the  eoo^ikte  oxidation,  of  the  alkyl  niMJeos : 

CjHa.C,H^^.i  -h  ^nCrOj  =  iiCr^Oj  -f  (»-l)CO,  4-  «H/) 

-h  C4H3.CO.OH. 

ToAMMf,  Metk^l-htnzemA,  =  O^HjCH,. 

lOlOl  Tohiene  may  be  obtained  froni  that  portion  of  eoal-tar  ofl 
boiling  between  100^  *and  120^ ;  from  brom-beiaene  methyl  iodide 
and  sodium  :  bT  drr  distillation  of  the  cakac  salts  of  the  tolne  acids 
and  of  tola-lmlwam,  and  firom  bemrtic  alcohol  by  the  action  of  strong^ 
alkali«.  It  ii  a  coloarless  Hqnid  of  ape  gr. -882  at  (K',  boiling  at  lll^ 
It  gi^es  benaoic  acid  on  oxidation. 

SuUtiiutkm  FrttdmeU  of  Tohtenie. 

1011.  The  snhstitiitkm  d^Tatires  of  toluene  are  much  move 
nnmefoos  than  those  of  benaaie*  the  mono  products  alone  girin^  in 
adiiitinn  to  orthov  meta.  and  para  isnners.  a  foorthr  in  which  a  hydrogen 
atooi  of  the  methyl  group  is  replaced ;  e.g. 


Ottbo.  Xcca.  PsnL 

CH3  CH,  CH, 

/\  /\  /\ 


rr 


\/"^         \/  \/ 


Br  CH-pBr 

(1)  (?)  m  (^) 

The  bodies  obtained  by  safastitiition  as  in  (4)  scarcely  b^ng  to 
the  aromatic  groa^  ihexr  properties  beiz^  more  ckxely  allied  to  thoee 
flf  the  alkyl  compooiMls.     They  wiH  therefore  be  describe*!  separately. 

The  constimfiion  of  the  mono-sabstitiited  toiaenes  b  generally 
settisd  by  cum  citing  them  into  the  benaene  dicarbonic  acids,  ^or 
example^  the  three  hnMn-toloenes  are  ootiTerted  by  treatment  with 
methylic  iodide  and  sodium  into  the  corre^ioikding  orcho-.  meta-,  and 


C^H^Rr.CH,  +  ICH,  +  Xa,  =  Xal  +  XaBr  +  C^H^/CH,)^ 
Of  these  the  paia  prodoct  is  cooTerted  by  oxidation  first  into  para- 
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toluic  acid,  C6H4(CH3).CO.OH,  and  further  into  terephthalic  acid, 
C6H,(CO.OH)2. 

The  meta  product  similarly  jrields  isophthalic  acid  with  chromic 
acidj  whilst  orthodimethyl-benzene  is  oxidised  to  orthotoluic  acid 
by  dilute  nitric  acid  and  is  totally  destroyed  by  chromic  acid. 

The  relationship  of  the  nitro  and  amido  compounds  to  the  phthalic 
acids  can  be  determined  in  similar  manner,  as  they  can  be  easily  con- 
verted, by  means  of  the  diazo  compounds,  into  the  corresponding 
bromine  derivatives. 

1012.  Haloid  I'oluenes, — Chlorine  and  bromine  act  directly  on 
toluene,  forming  substitution  derivatives,  the  place  of  substitution 
depending  on  the  temperature  employed.  When  well  cooled,  or  in 
the  presence  of  iodine  and  some  other  substances,  the  halogen  dis- 
places hydrogen  fix>m  the  aromatic  or  benzene  nucleus.  At  a  tempera- 
ture approaching  the  boiling  point  the  substitution  is  almost  entirely 
at  the  methyl  group. 

The  foUowing  table  gives  some  of  the  most  important  chloro  and 
bromo  derivatives  of  toluene  : — 

M.p.  B.p. 

fortho  Uquid     .     .     167° 

C6H4.CH3.CI     monochlor-toluene  <  meta  liquid 

tpara  6*6°    . 

Q^^Ql^.OVL^    dichl  or- toluene liquid 

CgHaCla.CHa    trichlor-toluene      ....  76°    . 

CfiHCl4.CH8      tetrachlor-toluene .     .     •     .  91' 

CeClg.CHj         pentachlor-toluene.     .     .     .  218' 

fpara  28-5^ 

.  C6H4Br.CH3     brom-toluene  <  meta  liquid 

1^  ortho  liquid 

In  addition  to  these  six  isomeric  dibrom-toluenes,  C6H3.Br2.CH3, 
are  known,  one,  or  possibly  two,  of  which  may  be  obtained  by  the 
direct  action  of  bromine  on  toluene,  the  remainder  from  vai'ious  brom- 
amido-toluenes  by  means  of  the  diazo  reaction  (comp.  §  982). 

Two  tribrom-toluenes  have  also  been  similarly  obtained.  One  is 
a  liquid  boiling  at  260°,  the  other  a  solid  of  m.p.  70°  and  b.p. 
290°. 

Few  iodo- toluenes  are  know^n. 

Ortho-  and  meta-iodo-tolueTie,  C6H4T.CH3,  are  liquids  boiling  at 
204°  and  205°  i-espectively.  The  para  body  melts  at  35°  and  boils 
at  211°.  They  are  all  obtained  by  the  action  of  hydriodic  acid  on  the 
azo-toluenes. 

1013.  Nitro-toluenea. — On  treating  toluene  with  fuming  nitric 
acid  a  mixture  of  ortho-  and  pa/ra-nitrO'toluene  is  produced,  from 
which  the  latter  may  be  separated  by  freezing  and  subsequent  frac- 
tional distillation.     It  melts  at  54°  and  boils  at  236°. 

Pure  ortho-nitro-toluene  may  be  obtained  from  amido-nitro- 
toluene,  C6H3(NH2).(N02).CH3,  by  the  diazo  reaction  (comp.  § 
976) ;  it  is  liquid  and  boils  at  223^ 

Meianitro-toluene  is  obtained  by  nitrating  acetyl  paramido-toluene, 
C6H4(CH3).NH(C2H30),  conversion  into  the  diazo  compound,  and 
reduction  of  this  by  heating  with  alcohol  (§  976).     It  boils  at  231°. 

Dinitro-tolueneSy  C6H3(N02)2CH3.    Ortho-  and  para-nitro-toluene, 


o 


156° 

160-5° 

196° 

235° 

271° 

301° 

184-6° 

184-5° 

182° 
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on  treatment  with  very  Goncentrated  nitric  mod,  give  a  diniiro-ioimemt, 
melting  at  70*5°.     The  sabglitnting  groups  have  the  positioiis : 

CH,:NO,.NO,  1:2:4. 

Another  isomer  is  obtained  from  ortho-nitio-toloene.     It  is  liquid. 

Metanitro-tolaene  gives  an  isomer  which  forms  colooriesB  needles, 
mating  at  60°. 

Two  trmkro-iolmenf.*  are  known.  The  one  obtained  by  direct 
nitration  of  mono-  and  dinitro-toloenes  melts  at  80*5°  and  appears 
to  have  the  positions  1 :2:4:6. 

1014.  AnMo^tdwenes,  iolwidines,  C^Jl^(SH^).Cl{i,  The  three 
mtro-toloenes  on  redaction  jrield  the  respective  amido-toloenes. 

Oriho-totuidine  is  a  liquid  boiling  at  197^  and  not  sc^idifying  at 
—  20°.  On  treatment  of  its  aqueous  soluti<m  with  bleadiing  powder 
an  oxidation  product  is  formed,  which  gives  a  fine  red  coloration  wiUi 
dilute  acids. 

Acetyl  ortho-toluidine,  CeH4(CH3).N(C,H30)H,  is  moderately 
soluble  in  water  and  melts  at  107°. 

MetaUAuidine  boils  at  197°  ;  its  acetyl  derivative  melts  at  65*5°. 

Paraloluidine  forms  beautiful  crystals  melting  at  45°  and  boiling 
at  198°.  Its  acetyl  derivative  melts  at  145°.  It  gives  no  coloar 
reaction  with  bleaching  powder  solution.  Paratoluidme  is  also  pro- 
duced by  heating  methyl  aniline  hydrochloride  to  350°  : 

CeH5.N(CH3)HjCl  =  C6H^(CH,).NH,C1. 

The  amido-toluenes  yield  similar  derivatives  to  the  amido-benzenes 
— e.g.  ureas,  sulphureas,  guanidines,  kc, 

Diamido-toluene,  tduylene-diamine,  CgH3.(NH2)2CH3,  is  obtained 
by  the  reduction  of  1:2:4  dinitro- toluene,  melting  at  70*5°.  It 
crystallises  from  boiling  water,  alcohol,  and  ether  in  large  prisms, 
melting  at  99°  and  boiling  at  280°. 

1015.  Hydroxi/- toluenes f  C7H7.OH.  Four  of  these  bodies  are 
known. 

Methi/l-phenole,  cresols,  C5lT4(OH)CH3.  The  crude  phenol  from 
coal-tar  oil  contains  a  mixture  of  all  three  cresols,  para,  ortho,  and 
meta.  The  two  former  are  obtained  from  dipotassic  salts  of  para-  and 
ortho-toluene-sulpbonic  acids  by  fusion  with  alkalies,  and  also  from 
the  corresponding  diazo  compounds  (§  976). 

Metacresol  may  be  obtained  by  distilling  the  calcic  salt  of  oxy- 
uviUc  acid,  C6H2(OH).(CH3).(CO.OH)2,  and  by  the  action  of  phos- 
phoric anhydride  on  thymol,  when  a  meta-cresol  phosphate  is  formed, 
which  is  decomposed  by  treatment  with  potash  and  the  cresol  ex- 
tracted by  ether.  Carvacrol  (§  1023),  the  isomer  of  thymol,  gives 
ortho-cresol  under  the  same  circumstances. 

The  cresols  behave  like  the  phenols,  forming  metallic  derivatives 
with  bases  which  react  with  the  alkyl  haloid  c^mpomids,  giving 
ethers ;  e.g. 

C^K.iCEL^yOK  +  IC2H5  =  KI  +  CeH,(CH3).O.C2H5. 

They  also  form  acetates  with  acetylic  chloiide : 

C6H,(CH3).O.C2H30. 


ORCIN.  603 

Orthocreaol  is  a  white  solid,  melting  at  31°  and  boiling  at  185°- 
186°. 

Metacresol  is  a  liquid  boiling  between  195°  and  200°. 

Faracresol  melt^  at  36°  and  boils  at  198°.  It  is  a  white  crystal- 
line substance. 

The  fourth  modification,  benzyl  alcohol,  CgHj.CHj.OH,  is  con- 
sidered elsewhere  (§  1027). 

1016.  Dihydroxy-toluenes,  CyUfi^  =  CeH3(CH3)(OH),. 
Several  isomers  are  known,  but  they  have  not  been  well  investi- 
gated. 

1.  Orciuy  orcinol,  C6H3(CH3)(OH)2  (l:3:5t),  is  obtained  by 
heating  the  acids  derived  from  several  varieties  of  lichens,  as  orsellinic 
acid,  CgHgO^  =  CeH2(CH3)(OH)2.CO.OH,  lecanoiic  acid,  CjeHi^Oy, 
er3rthric  acid,  CaoHajOio,  with  alkalies,  or  better  with  milk  of  lune. 
After  saturating  with  cai'bonic  acid  the  orcinol  may  be  extracted  by 
ether. 

Orcin  forms  large  monoclinic  crystals  of  the  composition  : 

which  melt  at  58°,  and  after  the  water  has  been  driven  off  at  86°,  and 
boil  at  290°.  Ferric  chloride  colours  its  aqueous  solutions  violet. 
It  has  a  sweet,  astringent  taste,  and  when  heated  with  aoetylic  chlo- 
ride forms  a  compound,  C6H3(CH3).(O.C2H30)2,  melting  at  25°. 

Orcin  has  been  obtained  by  fusing  potassic  orthochlor-toluene 
sulphonate  with  potassic  hydrate.  It  yields  a  crystalline  compound 
with  ammonia,  which  is  rapidly  oxidised  in  the  air  to  orcein^  C7H7NO3, 
a  brownish  red  substance,  dissolving  in  alkalies  to  a  deep  purple 
solution,  from  which  acetic  acid  precipitates  a  colouring  matter  ap- 
parently identical  with  the  litmus  from  Lecanora  tartarea. 

Several  haloid  and  nitro  derivatives  of  orcinol  are  known. 

Monohrom-orcin,  C7Hr,Br(OH)2. 

Tribr(mi-orcin,  C7H3Br3(OH)2,  m.p.  103°. 

Pentabrom-orcin,  C7Br5(OH)2,  m.p.  126°. 

A  trichlor-orcvrij  C7H20l3(OH)2,  melting  at  123°,  and  a  pentachlor' 
orcin,  C7HCl5(OH)2,  m.p.  1 20*5°,  and  two  iodo-orcins  are  known. 

Two  rnononitro-orcins,  C7H5(N02)(OH)2,  have  been  obtained; 
a  m.p.  120,  /3  m.p.  115°. 

Trinitro-orcin,  obtained  by  the  action  of  cold  fuming  nitric  acid 
on  orcin,  forms  large  yellow  prisms,,  melting  at  162°.  It  acts  as  a 
strong  dibasic  acid. 

2.  Isomeric  Orcinols, — The  potassic  salts  of  the  two  toluene-disul- 
phonic  acids,  obtained  when  toluene  is  heated  with  sulphuric  add, 
give  an  iso-orcin  on  fusion  with  potash,  which  melts  when  anhydrous 
lit  87°  and  boils  at  270°.     It  is  imaltered  in  the  air. 

Homopyro-ccUechin  is  obtained  by  the  action  of  hydriodic  acid  on 
creosol : 

C6H3(OH3).(OH)OCH3  -f  HI  =  CHsI  -f-  CeH3(CH3).(OH)2. 

It  is  a  colourless  oil  boiling  at  219°,  and  is  found  along  with  several  of 
its  homologues  in  beech- wood  tar.  It  has  been  very  little  investigated. 

1017.  Toluene-sulphonic  acids,  06114. (CH,)(SOn.OH).  The  artho 
and  para  acids  are  produced  by  di^lving  toluene  in  fuming  sul- 
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phuric  acid.     Tbey  may  be  separated  by  means  of  their  potassic  salts, 
the  para  compound  being  the  more  insoluble. 

Metatoliiene  sulphonic  acid  is  obtained  by  reduction  of  orthochlor- 
toluene  metasulphonic  acid  by  means  of  sodium  amalgam. 

Homologues  of  Toluene, 

1018.  Ethyl'henaeney  CeHg.CjHg,  is  obtained  by  the  action  of 
sodium  on  a  mixture  of  brom-benzene  and  ethylic  bromide,  or  by 
heating  ethylic  chloride  and  benzene  in  the  presence  of  aluminic 
chloride. 

It  is  a  colourless  liquid,  of  b.p.  1 34°  and  sp.  gr.  '8664.  On  oxida- 
tion benzoic  acid  is  produced.  Chlorine  acts  on  boiling  ethyl  benzene, 
forming  plienethyl  chloridsy  CeHj.CHj.CHjCl.  At  the  ordinary 
temperature  the  chlorine  enters  the  aromtitic  nucleus.  With  bromine, 
however,  the  reverse  reaction  appears  to  take  place  to  a  great  extent, 
/3-phenethyl  bromide  : 

Cgix1j.CxiBr.CIx3, 
being  formed. 

Several  nitro  derivatives  have  been  formed  (§  1013). 

Parcmitro^ihyl  benzene,  b.p.  245°-246° ;  orth^,  b.p.  227°-228°. 

They  yield  corresponding  amido  ethyl  benzenes,  C6H4(NH2).C2H5, 
on  reduction. 

With  concenti'ated  sulphuric  acid  ethyl  benzene  gives  two  sul- 
phonic acids,  C6H4{S020HUC2H5).  The  one  formed  in  largest 
quantity  on  fusion  with  potash  gives  an  ethyl  phenol,  C6H4(OH)C2Ha, 
which  melts  at  about  47"  and  boils  at  210°.  It  is  not  known  for 
certain  if  it  be  the  para  or  ortho  product. 

Fhlorol,  which  is  obtained  by  the  distillation  of  phloretic  acid  with 
lime,  appears  to  be  an  isomer  of  ethyl  phenol,  but  its  constitution  is  as 
yet  uncertain.  It  is  a  liquid  boiling  at  220°  which  does  not  solidify 
at  -18^ 

Coal  and  beech-wood  tar  also  contain  phenols  of  the  formula 
CgHjoO,  which,  however,  are  not  well  known.  They  give,  on  distil- 
lation with  oxidising  agents,  a  quinone,  phlorone,  CgHg02,  which 
sublimes  in  light  yellow  needles  and  is  converted  by  nascent  hydrogen 
into  hydrophiorone,  CgHg(0H)2,  forming  easily  soluble  colourless 
crystals. 

1019.  Propyl-benzene,  CeH5.CH2.CH2.CH3,  has  been  obtained 
synthetically  by  the  action  of  sodium  on  a  mixture  of  ci-iodo-propane 
and  monobrom-benzene.  It  boils  at  157°.  Isopropyl  benzene,  simi- 
larly obtained,  and  also  prepared  from  cumic  acid  by  distillation  with 
lime: 

[06H4(03H7)^.CO.Oy:^a  4-  Ca(0H)2  =  2CaC03 

-t-  2C5H5.CH.(CH3)2, 
boils  at  151°,  and  hence  is  termed  cumene.     They  both  yield  benzoic 
acid  on  oxidation. 

Isobutyl  benzene,  C6H5.CH2.CH(CH3)2,  is  a  colourless  oil,  boiling 

at  leo**. 

laoaniyl  benzene,  06H5.CH2.CH2.CH(CH3)2,  boils  at  193°. 

laohexyl  benzene,  C6H5.CH2.CH2.CH2.CH(CH3)2,  prepared  by 
the  action  of  sodium  on  benzylic  chloride  and  isoamylic  bromide,  boils 
at  214°. 
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Tolyl  chloride  is  obtained  by  the  action  of  chlorine  on  boiling 
xylene.  That  from  coal-tar  xylene  mixture  (§  1021)  boils  between 
190^  and  200°. 

Styronyl  alcohol,  ot  primary  phenethyl  alcohol,  CgH5.CH2.CH2.OH, 
is  obtained  from  its  bromide  or  chlorids  in  like  manner  to  benzyl 
alcohol  from  the  benzyl  haloids ;  it  is  a  liquid  of  225°  boiling  point. 

This  styronyl  chloride,  CqHs.CHj.CHsCI,  is  also  produced  by  the 
action  of  chlorine  on  boiling  ethyl  benzene  as  a  liquid  decomposed 
on  distillation  (§  1018). 

Secondary  phenethyl  alcohol,  C6H5.CH(OH).CH3,  is  obtained  by 
the  action  of  sodium  amalgam  on  aceto-phenone.  Methyl-phenyl  ketone, 
CfiHfi.CO.CHa,  is  a  pleasant-smelling  oQ  boiling  at  202*'-203^ 

Higher  HomologvAS. 

1030.  Only  a  few  of  these  bodies  are  known. 

C9H12O,  primary  phenyl-propyl  alcohol,  C6H5.CH2.CH2.CHj.OH, 
obtained  by  the  saponification  of  liquid  storax  and  by  addition  of  hydrogen 
to  dnnamic  alcohol,  is  a  thickish  oil  boiling  at  235^  Ethyl-phenyl 
ketone,  when  treated  with  nascent  hydrogen,  yields  fi-secondary  phenyl- 
propyl  alcohol,  C6H5.CH(OH).CH2.CH3,  which  boils  at  210^-21 1^ 

C10HJ4O,  cwmin  alcohol,  parapropyl  or  parisopropyl-ben2yl 
alcohol,  C6H2(C3H7)CH20H,  is  obtained  by  treating  cuminic  aldehyde 
with  alcoholic  potash  as.a  colourless  oil  boiling  at  243°. 

Garvol,  C10H14O,  obtained  fix)m  oil  of  caraway  (Garum  Garvi), 
and  also  contained  in  turmeric  root,  boils  at  225°-230°,  and  has  sp. 
gr.  -95. 

CigHsoO,  Sycoceryl  Alcohol. — This  alcohol  occurs  as  acetate  in 
the  rosin  of  Fictts  rubiginosa,  from  which  it  may  be  obtained  by  saponi- 
fication in  needles  melting  at  90°. 
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with  the  dichlor-tolaenes,  has  been  obtained  as  a  liquid  boiling  at  214*. 
By  heating  with  argentic  acetate  it  yields  parcushlor-benzyl  aeetaie^ 
boiling  point  240^,  which  gives  by  saponification  paraehhr-hemyl 
alcohol,  C5H4CI.CH2.OH,  a  body  crystallising  in  long  needles,  meltiiig 
at  66°,  and  distilling  unchanged. 

By  the  continued  action  of  chlorine,  assisted  by  heating,  in  the 
presence  of  iodine  on  chlor-benzyl  chloride,  higher  substitution  pro- 
ducts are  obtained,  which  are  nearly  all  liquid  and  can  be  distilled. 
Feniaehlor-benzt/l  chloride,  CfPl^CK^Cl,  is  a  solid  melting  at  103"* 
and  boiling  at  325°.  Benzyl  acetate  dissolves  in  cold  fuming  nitric 
add,  forming  nitro-benzyi  acetate,  which  is  further  converted  by 
ammonia  at  100°  into  acetamide  and  nitro-henzyl  alcohol : 

CeH,(NOj).CH,.OH, 

the  latter  substance  ciystallising  in  needles  melting  at  93°  and  very 
soluble  in  water. 

Metanitro-benzyl  alcohol  is  produced  along  with  nitro-beni^l 
aldehyde  by  treating  metanitro-benzoic  acid  with  alcoholic  potash. 
Orthohydroxy-benzyl  alcohol,  or  saligenin,  C^'H.4{0Ii),(yH.^,OH,y  is 
obtained  from  its  gluooside,  salicin,  along  with  grape  sugar  by  the 
fennentive  action  of  emulsin  and  saliva.  It  crystallises  in  pearij 
tables,  easily  soluble  in  alcohol,  ether,  and  hot  water,  melts  at  82°,  and 
sublimes  at  100°.  Ferric  chloride  produces  a  deep  blue  colour  in  its 
solutions.  Under  the  influence  of  diluted  adds  it  is  partly  resinified 
and  converted  into  its  anhydride,  the  amorphous  stUiretin : 

207HgOj  =  OH,  +  C14H14O3. 

Salicin,  CuHigO^  =  CeH70(OH)40.C6H4CH,OH,  occurs  in  the 
bark  and  leaves  of  most  varieties  of  willows  and  several  poplars.  For 
the  preparation  of  salidn,  willow  bark,  reduced  to  small  pieces,  is 
boiled  with  water,  the  solution  freed  frt)m  tannin  and  other  substances 
by  treatment  with  plumbic  acetate,  and  the  lead  removed  by  SH, 
and  filtration.  On  evaporation  the  salicin  crystallises  from  the 
solution  in  colourless  prisms  of  bitter  taste,  easily  soluble  in  water 
and  melting  at  198°.  With  acetic  anhydride  a  tetra-aceUhsalicin, 
CiaH4(C3H30)407,  is  produced,  crystallising  in  needles. 
Anisyl  cUcoftol,  para-oxymeihyl-benzyl  alcohol : 

CgHjoOa  =  ^e^AQ^^oif^ 

may  also  be  classified  with  these  oxy  substitution  products.  It  is 
obtained,  together  with  potassic  anisate,  by  the  action  of  alcoholic 
potassic  hydrate  on  anisic  aldehyde.  It  crystallises  in  brilliant 
prisms,  melts  at  25°,  and  boils  at  258°-259°. 

Alcohols  of  the  Formula  CgHjoO. 

1029.  ToLyl  alcohol,  or  paramethyUhenzyl  alcohol : 

C6H4(CH3).CHa.OH, 

is  produced  by  the  action  of  alcoholic  potash  on  paratoluylic  aldehyde. 
It  crystallises  in  needles,  melts  at  59°,  and  boils  at  217°.  Hydro- 
chloric add  converts  it  into  liquid  tolyl  chloride,  C6H4(CH3).CIIsC]. 
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Tolyl  chloride  is  obtained  by  the  action  of  chlorine  on  boiling 
xylene.  That  from  coal-tar  xylene  mixture  (§  1021)  boils  between 
190^  and  200°. 

Styronyl  alcoholy  or  primary  phenethyl  alcohol,  CgHj.CHj.CHj.OH, 
is  obtaineil  from  its  bromide  or  chlorida  in  like  manner  to  benzyl 
alcohol  from  the  benzyl  haloids ;  it  is  a  liquid  of  225°  boiling  point. 

This  styronyl  chloride,  CqH^.CHj.CHsCI,  is  also  produced  by  the 
action  of  chlorine  on  boiling  ethyl  benzene  as  a  liquid  decomposed 
on  distillation  (§  1018). 

Secondary  phenethyl  alcohol,  C6H5.CH(OH).OH3,  is  obtained  by 
the  action  of  sodium  amalgam  on  aceto-phenone.  Methyl-phenyl  ketone, 
CeHfi.CO.CHj,  is  a  pleasant-smelling  oil  boiling  at  202*^-203^ 

Higher  Homologuea, 

1030.  Only  a  few  of  these  bodies  are  known. 

CgHijO,  primary  phenyl-propyl  alcohol,  C6H5.CH2.CH2.CHj.OH, 
obtained  by  the  saponification  of  liquid  storax  and  by  addition  of  hydrogen 
to  dnnamic  alcohol,  is  a  thickish  oil  boiling  at  235°.  Ethyl-phenyl 
ketone,  when  treated  with  nascent  hydrogen,  yields  fi-aecondary  phenyl- 
propyl  alcohol,  C6H5.CH(OH).CH2.CH3,  which  boils  at  210°-211°. 

CioH]40,  cimiin  alcohol,  parapropyl  or  parisopropyl-benzyl 
alcohol,  C5H2(C3H7)CH20H,  is  obtained  by  treating  cuminic  aldehyde 
with  alcoholic  potash  as.a  colourless  oil  boUing  at  243°. 

Garvol,  C10H14O,  obtained  fix)m  oil  of  caraway  (Carum  Garvi), 
and  also  contained  in  turmeric  root,  boils  at  225°~230°,  and  has  sp. 
gr.  -95. 

CigHjoO,  Sycoceryl  Alcohol, — This  alcohol  occurs  as  acetate  in 
the  rosin  of  Ficus  rubigino8a,  from  which  it  may  be  obtained  by  saponi- 
fication in  needles  melting  at  90°. 
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with  the  dichlor-toluenes,  has  been  obtained  as  a  liquid  boiling  at  214*. 
By  heating  with  argentic  acetate  it  yields  parachlor-benzyl  eiceiaie, 
boiling  point  240°,  which  gives  by  saponification  parachlor-benzyl 
alcohol,  C6H4CI.CH2.OH,  a  body  crystallising  in  long  needles,  melting 
at  66°,  and  distilling  unchanged. 

By  the  continued  action  of  chlorine,  assisted  })y  heating,  in  the 
presence  of  iodine  on  chlor-benzyl  chloride,  higher  substitution  pro- 
ducts are  obtained,  which  are  nearly  all  liquid  and  can  be  distilled. 
Pentachlor-henzyl  chloride,  CgClg.CHjCl,  is  a  solid  melting  at  103° 
and  boiling  at  325°.  Benzyl  acetate  dissolves  in  cold  fuming  nitric 
acid,  forming  nitro-benzyl  acetate,  which  is  further  converted  by 
ammonia  at  100°  into  acetamide  and  nitro-benzyl  alcohol : 

C6H4(N02).CH  2.OH, 

the  latter  substance  crystallising  in  needles  melting  at  93°  and  very 
soluble  in  water. 

Metanitro-benayl  alcohol  is  produced  along  with  nitro-benzyl 
aldehyde  by  treating  metanitro-benzoic  acid  with  alcoholic  potash. 
Orthohydroxy-henzyl  alcohol,  or  aaligenin,  C6H4(OH).CH2.0H,  is 
obtained  from  its  glucoside,  salicin,  along  with  grape  sugar  by  the 
fermentive  action  of  emulsin  and  saliva.  It  crystallises  in  pearly 
tables,  easily  soluble  in  alcohol,  ether,  and  hot  water,  melts  at  82°,  and 
sublimes  at  100°.  Ferric  chloride  produces  a  deep  blue  colour  in  its 
solutions.  Under  the  influence  of  diluted  acids  it  is  partly  resinified 
and  converted  into  its  anhydride,  the  amorphous  aaliretin  : 

Salicin,  CiaHjgOy  =  C6H70(OH)40.C6H4CH20H,  occurs  in  the 
bark  and  leaves  of  most  varieties  of  willows  and  several  poplars.  For 
the  preparation  of  salicin,  willow  bark,  reduced  to  small  pieces,  is 
boiled  with  water,  the  solution  freed  from  tannin  and  other  substances 
by  treatment  with  plumbic  acetate,  and  the  lead  removed  by  SHq 
and  filtration.  On  evaporation  the  salicin  crystalb'ses  from  the 
solution  in  colourless  prisms  of  bitter  taste,  easily  soluble  in  water 
and  melting  at  198°.  With  acetic  anhydride  a  tetrora^ceto-salicin, 
013114(021130)407,  is  produced,  crystallising  in  needles. 
Anisyl  alcohol,  para-oxymethyl^benzyl  alcohol : 

p  XT    n    n  TT  •O.Crl3 

^8^10^2  --  ^-6^4  QH2.OH 

may  also  be  classified  with  these  oxy  substitution  products.  It  is 
obtained,  together  with  potassic  anisate,  by  the  action  of  alcoholic 
potassic  hydrate  on  anisic  aldehyde.  It  crystallises  in  brilliant 
prisms,  melts  at  25°,  and  boils  at  258°-259°. 

Alcohols  o/tlie  Formula  CgHjoO. 

1029.  Tolyl  alcohol,  or  paramethyl-benzyl  alcohol : 

06H4(0H3).CH2.OH, 

is  produced  by  the  action  of  alcoholic  potash  on  paratoluylic  aldehyde. 
It  crystallises  in  needles,  melts  at  59°,  and  boils  at  217°.  Hydro- 
chloric acid  converts  it  into  liquid  tolyl  chloride,  C6H4(CH3).OIl2Cl. 
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Tolyl  chloride  is  obtained  by  the  action  of  chlorine  on  boiling 
xylene.  That  from  coal-tar  xylene  mixture  (§  1021)  boils  between 
190**  and  200°. 

Styronylalcokoly  or  primary  pJienetliyl  alcohol,  C5H5.CH2.CH2.OH, 
is  obtained  from  its  bromide  or  chloride  in  like  manner  to  benzyl 
alcohol  from  the  benzyl  haloids ;  it  is  a  liquid  of  225°  boiling  point. 

This  atyronyl  chloride,  CeH^.CHj.CHsCly  is  also  produced  by  the 
action  of  chlorine  on  boiling  ethyl  benzene  as  a  liquid  decomposed 
on  distillation  (§  1018). 

Secondary  phenethyl  alcohol,  C6H5.CH(OH).CH3,  is  obtained  by 
the  action  of  sodium  amalgam  on  aceto-phenone.  Methyl-phenyl  ketone, 
C6H5.CO.CH3,  is  a  pleasant-smelling  oQ  boiling  at  202*'-203^ 

Higher  ffomologttes, 

1030.  Only  a  few  of  these  bodies  are  known. 

OgHj^O,  primary  phenyl-propyl  aUohol,  C6H5.CH2.CH2.CHj.OH, 
obtained  by  the  saponification  of  liquid  storax  and  by  addition  of  hydrogen 
to  dnnamic  alcohol,  is  a  thickish  oil  boiling  at  235^.  Ethyl-phenyl 
ketone,  when  treated  with  nascent  hydrogen,  yields  fi-aecondary  phenyl- 
propyl  alcohol,  C6H6.CH(OH).CH2.CH3,  which  boils  at  210^-21  P. 

C10H14O,  cumin  alcohol,  parapropyl  or  parisopropyl-benzyl 
alcohol,  C6H2(C3H7)CH20H,  is  obtained  by  treating  cuminic  aldehyde 
with  alcoholic  potash  as.a  colourless  oil  boiling  at  243°. 

Carvol,  C10H14O,  obtained  from  oil  of  caraway  (Carum  Garvi), 
and  also  contained  in  turmeric  root,  boils  at  225°-230°,  and  has  sp. 
gr.  -95. 

CigH3oO,  Sycoceryl  Alcohol, — This  alcohol  occurs  as  acetate  in 
the  rosin  of  Ficus  rubiginosa,  from  which  it  may  be  obtained  by  saponi- 
fication in  needles  melting  at  90°. 
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with  the  dichlor-toluenes,  has  been  obtained  as  a  liquid  boiling  at  214*. 
By  heating  with  argentic  acetate  it  yields  paraMor-hemyl  aceiaief 
boiling  point  240^,  which  gives  by  saponification  parachhr-benzyl 
alcoholf  CeH4Cl.CH2.OH,  a  body  crystalliiBing  in  long  needles,  meltiiig 
at  66°,  and  distilling  unchanged. 

By  the  continued  action  of  chlorine,  assisted  by  heating,  in  the 
presence  of  iodine  on  chlor-benzyl  chloride,  higher  Buhstitution  furo- 
ducts  are  obtained,  which  are  nearly  all  liquid  and  can  be  distilled. 
PentcuMor-henzyl  chloride^  C6CI5.CH2CI,  is  a  solid  melting  at  103** 
and  boiling  at  325°.  Benzyl  acetate  dissolves  in  cold  fuming  nitric 
acid,  forming  nitro-benzyl  acetate,  which  is  further  converted  by 
ammonia  at  100°  into  acetamide  and  nitro-benzyl  alcohol : 

CeH4(N02).CH2.0H, 

the  latter  substance  ciystallising  in  needles  melting  at  93^  and  very 
soluble  in  water. 

Metanitro-benzyl  alcohol  is  produced  along  with  nitro-beni^l 
aldehyde  by  treating  metanitro-benzoic  acid  with  alcoholic  potash. 
Orthohydroxy-henzyl  alcohol,  or  aaHgenin^  CgH4(OH).CH2.0H,  is 
obtained  from  its  gluooside,  salicin,  fdong  with  grape  sugar  by  the 
fermentive  action  of  emulsin  and  saliva.  It  ciystaUises  in  pearij 
tables,  easily  soluble  in  alcohol,  ether,  and  hot  water,  melts  at  82°,  and 
sublimes  at  100°.  Ferric  chloride  produces  a  deep  blue  colour  in  its 
solutions.  Under  the  influence  of  diluted  acids  it  is  partly  resinified 
and  converted  into  its  anhydride,  the  amorphous  saliretin : 

Salicin,  CiaHigO^  =  C6H70(OH)40.C6H4CH20H,  occurs  in  the 
bark  and  leaves  of  most  varieties  of  willows  and  several  poplars.  For 
the  preparation  of  salicin,  willow  bark,  reduced  to  small  pieces,  is 
boiled  with  water,  the  solution  freed  from  tannin  and  other  substances 
by  treatment  with  plumbic  acetate,  and  the  lead  removed  by  SH, 
and  filtration.  On  evaporation  the  salicin  crystallises  from  the 
solution  in  colourless  prisms  of  bitter  taste,  easily  soluble  in  water 
and  melting  at  198°.  With  acetic  anhydride  a  tetra-aceio-aalicin, 
Ci3H4(C2H30)407,  is  produced,  crystallising  in  needles. 
Antsy  I  alcoliol,  para-oxymeihyl-henzyl  alcohol : 

o  u    n   n  TT  •0.dl3 

^8^10^2  —  W^^.CHa.OH 

may  also  be  classified  with  these  oxy  substitution  products.  It  is 
obtained,  together  with  potassic  anisate,  by  the  action  of  alcoholic 
potassic  hydrate  on  anisic  aldehyde.  It  crystallises  in  brilliant 
prisms,  melts  at  25°,  and  boils  at  258°-259°. 

Alcohols  of  the  Formula  CgHjoO. 

1029.  Tolyl  alcohol,  or  paramethyl-benzyl  alcohol : 

CeH4(CH3).CH2.0H, 

is  produced  by  the  action  of  alcoholic  potash  on  paratoluylic  aldehyde. 
It  crystallises  in  needles,  melts  at  59°,  and  boils  at  217°.  Hydro- 
chloric add  converts  it  into  liquid  tolyl  chloride,  C5H4(CH3).CH2C1. 
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Tolyl  chloride  is  obtained  by  the  action  of  chlorine  on  boiling 
xylene.  That  from  coal-tar  xylene  mixture  (§  1021)  boils  between 
190°  and  200°. 

Styronyl  (dcoholy  ot  primary  phetuthyl  alcohol,  C6H5.CH2.CH2.OH, 
is  obtained  from  it6  bromide  or  chlorids  in  like  manner  to  benzyl 
alcohol  from  the  benzyl  haloids ;  it  is  a  liquid  of  225°  boiling  point. 

This  styronyl  chloride^  CeHs.CHj.CHsCly  is  also  produced  by  the 
action  of  chlorine  on  boiling  ethyl  benzene  as  a  liquid  decomposed 
on  distillation  (§  1018). 

Secondary  phenethyl  alcohol,  CeH5.CH(OH).CH3,  is  obtained  by 
the  action  of  sodium  amalgam  on  aceto-phenone.  Methyl-phenyl  ketone, 
CeHfi.CO.CHa,  is  a  pleasant-smelling  oU  boiling  at  202°-203°. 

Higher  HomologvAS, 

1030.  Only  a  few  of  these  bodies  are  known. 

O9H12O,  primary  phenyl-propyl  alcohol,  C6H5.CH2.CH2.CHj.OH, 
obtained  by  the  saponification  of  liquid  storax  and  by  addition  of  hydrogen 
to  dnnamic  alcohol,  is  a  thickish  oil  boiling  at  235°.  Ethyl-phenyl 
ketone,  when  treated  with  nascent  hydrogen,  yields  fi-secondary  phenyl- 
propyl  alcohol,  C6H5.CH(OH).CH2.CH3,  which  boils  at  210°-211°. 

C10HJ4O,  cumin  alcohol,  parapropyl  or  parisopropyl-ben2yl 
alcohol,  C5H2(C3H7)CH20H,  is  obtained  by  treating  cuminic  aldehyde 
with  alcoholic  potash  as.a  colourless  oil  boiling  at  243°. 

Carvol,  C10H14O,  obtained  fix)m  oil  of  caraway  (Carum  Garvi), 
and  also  contained  in  turmeric  root,  boils  at  225°-230°,  and  has  sp. 
gr.  -95. 

CigHaoO,  Sycoceryl  Alcohol, — This  alcohol  occurs  as  acetate  in 
the  rosin  of  Ficus  ruhiginosa,  from  which  it  may  be  obtained  by  saponi- 
fication in  needles  melting  at  90°. 
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with  the  dichlor-toluenes,  has  been  obtained  as  a  liquid  boiling  at  214*. 
By  heating  with  argentic  acetate  it  yields  parachlor-benzyl  aceUUe, 
boiling  point  240*^,  which  gives  by  saponification  paracJUar-benzyl 
alcohol,  C6H4CI.CH2.OH,  a  body  crystallising  in  long  needles,  melting 
at  66*',  and  distilling  unchanged. 

By  the  continued  action  of  chlorine,  assisted  by  heating,  in  the 
presence  of  iodine  on  chlor-benzyl  chloride,  higher  substitution  pro- 
ducts are  obtained,  which  are  nearly  all  liquid  and  can  be  distilled. 
Pentachlor-henzyl  chtoridcy  CgClg.CHjCl,  is  a  solid  melting  at  103° 
and  boiling  at  325°.  Benzyl  acetate  dissolves  in  cold  fuming  nitric 
acid,  forming  nitro-benzyl  acetate,  which  is  further  converted  by 
ammonia  at  100®  into  acetamide  and  nitro-henayl  alcohol : 

C6H4(N02).CH  2.OH, 

the  latter  substance  crystallising  in  needles  melting  at  93°  and  very 
soluble  in  water. 

Metanitro-henzyl  alcohol  is  produced  along  with  nitro-benzyl 
aldehyde  by  treating  metanitro-benzoic  acid  with  alcoholic  potash. 
Orthohydroxy-henzyl  alcohol,  or  aaligenin,  C6H4(OH).CH2.0H,  is 
obtaineil  from  its  glucoside,  salicin,  along  with  grape  sugar  by  the 
fermentive  action  of  emulsin  and  saliva.  It  crystallises  in  pearly 
tables,  easily  soluble  in  alcohol,  ether,  and  hot  water,  melts  at  82°,  and 
sublimes  at  lOO*'.  Ferric  chloride  produces  a  deep  blue  colour  in  its 
solutions.  Under  the  influence  of  diluted  acids  it  is  partly  resinified 
and  converted  into  its  anhydride,  the  amorphous  saliretin : 

207Hg02  =  OH2+Ci4H,403. 

Salicin,  CiaHjgOy  =  C6H70(OH)40.C6H4CHaOH,  occurs  in  the 
bark  and  leaves  of  most  varieties  of  willows  and  several  poplars.  For 
the  preparation  of  salicin,  willow  bark,  reduced  to  small  pieces,  is 
boiled  with  water,  the  solution  freed  from  tannin  and  other  substances 
by  treatment  with  plumbic  acetate,  and  the  lead  removed  by  SH, 
and  filtration.  On  evaporation  the  salicin  crystalb'ses  from  the 
solution  in  colourless  prisms  of  bitter  taste,  easily  soluble  in  water 
and  melting  at  198°.  With  acetic  anhydride  a  tetrora^ceto-salicin, 
Ci3H4(C2H30)407,  is  produced,  crystallising  in  needles. 
Anisyl  alcohol,  para-oxymethyl  benzyl  alcohol  : 

ri  XT     rv     O  TT  •^•^-"-3 

^8^10^2  —  '"6^4.CH2.0H 

may  also  be  classified  with  these  oxy  substitution  products.  It  is 
obtained,  together  with  potassic  anisate,  by  the  action  of  alcoholic 
potassic  hydrate  on  anisic  aldehyde.  It  crystallises  in  brilliant 
prisms,  melts  at  25°,  and  boils  at  258°-259°. 

Alcohols  o/tfie  Formula  CgH^oO. 

1029.  Tolyl  alcohol,  or  paramethyl-henzyl  alcohol : 

C6H4(CH3).CH2.0H, 

is  produced  by  the  action  of  alcoholic  potash  on  paratoluylic  aldehyde. 
It  crystallises  in  needles,  melts  at  59°,  and  boils  at  217°.  HydiH> 
chloric  acid  converts  it  into  liquid  tolyl  chloride^  C6H4(CH3).CII2C1. 
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Tolyl  chloride  is  obtained  by  the  action  of  chlorine  on  boiling 
xylene.  That  from  coal-tar  xylene  mixture  (§  1021)  boils  between 
190**  and  200^ 

Styronyl  (dcoholy  or  primary  pheriethyl  alcohol,  C6H5.CH2.CH2.OH, 
is  obtained  from  its  bromide  or  chlorida  in  like  manner  to  benzyl 
alcohol  from  the  benzyl  haloids ;  it  is  a  liquid  of  225^  boiling  point. 

This  styronyl  chloride,  CQH5.CH2.CH2CI,  is  also  produced  by  the 
action  of  chlorine  on  boiling  ethyl  benzene  as  a  liquid  decomposed 
on  distillation  (§  1018). 

Secondary  phenethyl  alcohol,  C6H5.CH(OH).CH3,  is  obtained  by 
the  action  of  sodium  amalgam  on  aceto-phenone.  Methyl-phenyl  ketone, 
CfiHg.CO.CHa,  is  a  pleasant-smelling  oQ  boiling  at  202^-203^ 

Higher  Homologiiea. 

1030.  Only  a  few  of  these  bodies  are  known. 

C9H12O,  primary  phenyl-propyl  alcohol,  CgH5.CH2.CH2.CH2.OH, 
obtained  by  the  saponification  of  liquid  storax  and  by  addition  of  hydrogen 
to  dnnamic  alcohol,  is  a  thickish  oil  boiling  at  235^.  Ethyl-phenyl 
ketone,  when  treated  with  nascent  hydrogen,  yields  fi-secondary  phenyl- 
propyl  alcohol,  C6H5.CH(OH).CH2.CH3,  which  boils  at  210°-211°. 

O10HJ4O,  cumiin  alcohol,  parapropyl  or  parisopropyl-benzyl 
alcohol,  CeH2(C3H7)CH20H,  is  obtained  by  treating  cuminic  aldehyde 
with  alcoholic  potash  as.a  colourless  oil  boiling  at  243°. 

Garvol,  CioH,40,  obtained  from  oil  of  caraway  {Carwm  Carvi), 
and  also  contained  in  turmeric  root,  boils  at  225''-230°,  and  has  sp. 
gr.  -95. 

CisHsqO,  Sycoceryl  Alcohol, — This  alcohol  occurs  as  acetate  in 
the  rosin  of  Ficus  rubiginosa,  from  which  it  may  be  obtained  by  saponi- 
fication in  needles  melting  at  90°. 
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Aldehydes,  CnH^n-j.COH. 

Benzallekydey  Benzoic  Aldehyde,  Bitter  Almond  Oil, 

CjH^iO  =  CeH^-COH. 

108L  This  aldehyde  results  from  the  action  of  the  ferment  emol* 
sine  or  sjnaptase  on  amjgdalin,  a  glucoside  (§  74)  contained  in  bitter 
almonds ;  it  is  also  obtained  by  the  oxidation  of  benzrl  alcohol  with 
dilate  nitric  acid  ;  finom  heating  benzjlic  dichloride,  C^H^.CHCl^,  with 
water,  or  metallic  oxides  or  snlphoric  acid  to  .ibout  50^,  and  by  the 
dry  distiUation  of  a  mixture  of  salts  of  benzoic  and  formic  acids 
(comp.  §  386) : 

(CeH5.CX).0),Ca  +  (HCX).0),Ca  =  2CaCO,  +  2CeH5.COH. 

The  cmde  prodact  obtained  by  the  distfllation  of  the  fermented  bitter 
almond  meal  contains  hydrocyanic  acid,  from  which  it  may  be  separated 
by  shaking  with  ferric  chloride  and  milk  of  lime,  or  by  addition  ci 

C5H5.CH.OH 
hydric  sodic  sulphite,  yielding  the  compoand  I  ,  which  is 

dSOjNa 
then  decompotsed  by  sodic  hydrate  and  the  oQ  distilled. 

It  is  a  colourless  liqaid  boiling  at  180%  of  plea&int  odour  and  high 
refracting  power.  Its  sp.  gr.  =  1*0504  at  Ib"^.  It  dissolves  in  thirty 
times  its  weight  of  water,  and  in  alcohol  and  ether  in  all  proportions. 

BenzUidene  dichloride,  benzol  chloride,  Q^H^.Ql^QX^^,  isomeric  with 
the  dichlor-toluenes  (§  1012)  and  chlor-benzyl  chloride  (§  1028),  is 
formed  by  the  Continued  action  of  chlorine  on  boiling  benzvl  chloride. 
It  is  a  liquid  boiling  at  206°,  giving  benzaldebyde  on  heating  with 
water,  sulphuric  acid,  or  metallic  oxides.  On  heating  with  ai^ntic 
acetate,  the  diacetate  is  formed.  The  corresponding  bromide  cannot 
be  distilled  without  decomposition. 

BenzUidene  sulphide,  CgHj.CHS,  obtained  by  the  action  of  boazy- 
lidene  dichloride  on  alcoholic  potassic  sulphide  : 

CeHj-CHa,  +  K^  =  2Ka  +  CeHs.CHS, 

crystallises  from  alcohol  in  colourless  plates,  melting  between  68°  and 
70°,  above  which  temperature  they  decompose.  On  treating  an 
alcoholic  solution  of  benzoic  aldehyde  with  ammonic  sulphide,  a  white 
amorphous  body,  softening  at  90°-95°  and  insoluble  in  alcohol,  is 
obtained.  Analysis  gives  a  formula  CyHgS,  but  whether  this  sub- 
stance (thio-picramil)  corresponds  to  a  polyaldehyde  or  to  benaoTn 
(which  see)  is  not  settled. 
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Concentrated  aqueous  amnioiiia  converts  benzoic  aldehyde  into 
hydrohevzamide  (§§  424  and  939) : 

SOgHs.CHO  +  2NH3  =  3OII2  +  (C6H.,.CH)3N2, 

which  crystallises  in  colourless  octahedrse,  insoluble  in  water,  by  long 
boiling  with  which  it  is  slowly  convei-ted  into  the  aldehyde  and 
ammonia.  By  heating  to  130°  it  is  convei-tetl  into  a  powerfully  basic 
isomeric  body,  amarinef  which,  since  it  gives  a  diethyl  compound,  is 
perhaps  C2iHi6(NH)2.  The  same  body  also  results  when  ammonia 
gas  is  passed  into  alcoholic  benzoic  aldehyde.  It  gives  difficultly  soluble 
monacid  salts,  e.g.  C21H18N2.HNO3. 

Amarine  on  distillation  yields  an  isomeric  compoimd,  lophhie, 
C2iH,gN2,  also  obtainable  by  heating  di-  and  tri-benzylamine.  It 
ci-ystallises  from  alcohol  in  needles  and  melts  at  270°,  also  giving 
monacid  salts,  e.g.  2C21H18N2.HCI  +  OHj. 

Suhatitution  Products  from  Benzoic  Aldehyde, 

1032.  Chlorinated  benzoic  aldehydes  are  produced  by  heating  the 
chlor-substitntion  products  of  benzilidene  dichlorido  with  water  to  a 
high  temperature ;  e.g.  parachlor-henzilidene  dichloridef  boiling  point 
234°,  yields  parachlor-benzaldehyde  : 

CeH^ClpCHCla  +  OII2  =  2HC1  +  CeH^Clp.CHO, 

an  oil  distilling  at  170°  without  decomposition.  The  di-and  tri-chlor- 
aldehydes  may  be  similarly  obtained ;  they  are  solids  melting  at  68° 
and  111°  respectively. 

Ort/iocJdar-benzoic  aldehyde  is  obtained  from  salicylic  aldehyde  by 
the  action  of  phosphoric  chloride,  the  intermediate  product,  orthochlor- 
hertzilitlene  dichloridef  b.p.  227°-230°,  being  decomposed  by  water.  It 
boils  at  210°. 

Nitro-henzoic  aldehyde,  C6H4(N02)COH,  is  prepared  by  dropping 
benzoic  aldehyde  carefully  into  cold  fuming  nitric  acid ;  it  forms  colour- 
less needles,  m.p.  50°. 

1033.  Salicylic  aldehyde,  orlhohydroxy-henzaldehyde  : 

CeH,(OH.).COH, 

occurs  in  different  varieties  of  apiren,  <fec.,  from  which  it  may  be 
obtained  by  distillation  with  steam,  also  by  the  oxidation  of  saligenin 
and  salicin  with  a  mixture  of  potassic  dichromate  and  sulphuric  acid 
(3  parts  salicin,  3  parts  K2Cr207,  36  parts  OH.^,  4^  ])arts  SO4H2). 
It  is  a  colourless,  aromatic  oil,  sp.  gi*.  1*173,  solidifying  at  —  20*^, 
boiling  at  196°,  slightly  soluble  in  water. 

Sal  icy  1  aldehyde  combines  the  characters  of  an  aldehyde  with  those 
of  a  phenol.  It  gives  an  intense  violet  coloration  with  iron  salts, 
and  forms  compounds  with  strong  bases,  e  g.  Cf,H4(OK).COH.  An 
alcoholic  copper  solution  gives  a  fine  green  precipitate  of 

p  .O.Cr.Tl4.COH 
'"".O.C5H4.COH 

From  these  reactions  it  has  been  improperly  termed  an  acid,  as  in  the 
case  of  phenol.  It  gives  crystalline  compounds  with  alkaline  sul- 
phites, and  substitution  products  with  chlorine^  bromine,  and  nitric 
acid,  <fec. 
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Cumic  aldehydey or cuminolf  C^QH^aO  =  C6H4(C3H7).CHO, occurs, 
together  with  cymene,  hi  Homan  caraway  oil,  from  which  it  is  separated 
by  shaking  with  hydric  sodic  sulphite  as  a  crystalline  compound, 
which  afler  washing  with  alcohol  can  be  decomposed  with  sodic 
carbonate.  Cumic  aldehyde  is  a  colourless  oil  of  agreeable  odour ;  it 
boils  at  236°-237°,  and  is  decomposed  by  alcoholic  potash  into  cumin 
alcohol  (§  1030)  and  potassic  cumate.  Gentle  oxidising  agents  con- 
vert it  into  cumic  acid ;  chromic  acid  oxidises  it  to  terephthalic  acid. 

Aromatic  Ketones, 

1036.  The  ketones  of  the  above  formula  contain  an  aromatic  and 
an  alkyl  nucleus  united  to  each  other  by  means  of  CO.  They  are 
prepared  by  the  dry  distillation  of  a  mixture  of  the  calcic  salts  of  an 
aromatic  and  a  fatty  acid  (comp.  §  435).  The  group  CnH2n'-7  can 
evidently  be  united  to  the  CO.Cn-Hjn'  +  i  group  either  by  a  carbon 
atom  of  the  benzene  nucleus  or  by  the  nucleus  CnHjn  in  combination 
with  the  latter. 

They  unite  with  nascent  hydrogen,  yielding  aromatic  pinacones  and 
secondaiy  aromatic  alcohols ;  on  oxidation  they  invariably  give  benzoic 
acid. 

1037.  CgHgO.     Phenyl-methyl  ketone,  or  acetophenone  : 

C6H5.CO.CII3, 

is  formed  by  the  dry  distiUation  of  a  mixture  of  calcic  benzoate  and 
acetate  : 

(C6H5.CO.O)2Ca  +  Ca(0.C0.CH3)a  =  2CaC03  +  2C6H5.CO.CH3, 

and  by  the  action  of  benzoyl  chloride  on  zinc  dimethyl : 

2C6Hfi.CO.Cl  +  Zn(CIl3)2  =  ZnCla  +  2C6H5.CO.CH8. 

It  crystallises  in  large  plates,  melts  at  14°,  and  boils  at  200° ;  it 
gives  a  ciystalline  compound  with  hydric  sodic  sulphite : 

CH3  .^.O.SOaNa 

Nascent  hydrogen  convei-ts  it  into  secondary  phenethyl  alcohol; 
chromic  and  sulphuric  adds  oxidise  it  to  carbonic  and  benzoic  acids. 
When  heated  and  treated  with  chloiine  it  is  converted  into  chlor-aoet- 
oxybenzene,  CVJfj.CO.CIfaCl,  a  crystalline  body,  melting  at  41° 
and  boiling  at  246°. 

1038.  Two  isomers  of  the  formula  C9H10O  are  known. 

1.  Phenyl-etlii/l  ketone,  C6H5.CO.C2H5  (propio-phenone),  is  formed 
by  the  dry  distillation  of  calcic  benzoate  and  propionate,  and  by  the 
action  of  benzoyl  chloride  on  zinc  ethyl.  It  is  a  colourless  oil,  boiling 
at  208°-210°,  which  does  not  combine  with  alkaline  hydric  sulphites. 
Chromic  acid  oxidises  it  to  benzoic  and  acetic  acids,  and  by  treatment  of 
its  aqueous  alcoholic  solution  with  sodium  amalgam  secondary  phenyl- 
propyl  alcohol  is  formed,  and  in  addition  a  pinacone  : 

C6H5.C(OH).C2H5 

I 
C6H5.C(OH).CjH5 
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which  crystallises  from  alcoholic  solution  in  spear-shapod  ciystals, 
melting  at  120^ 

2.  Benzyl-methyl  ketone,  C6H..^.CH2.CO.CH3,  obtained  from  calcic 
acetate  and  phenyl  acetate,  is  liquid,  boils  at  21 4*^-2 16°,  unites  with 
hydric  sodic  sulphite,  and  yields  benzoic  and  acetic  acids  on  oxidation. 

1039.  Four  isomers  of  the  formula  CjoHijO  have  been  prepared. 

1.  Phenyl-propyl  ketone,  CfjHg.OO.CaHy,  is  obtained  as  an  oil, 
boiling  at  220°-222°,  on  the  dry  distillation  of  calcic  benzoate  and 
butyrate ;  on  oxidation  it  yields  benzoic  and  propionic  acids. 

2.  PJienyl-isojiropyl  ketone,  CcII5.CO.CIl  (0113)2,  prepared  by  dis- 
tillation of  calcic  beuzoato  and  isobutyrato,  boils  below  217°  and  gives 
benzoic,  acetic,  and  carbonic  acids  on  oxidation. 

3.  Benzyl-ethyl  ketone,  O6ll5.OH2.CO.CaH5,  obtained  by  action  of 
phenyl-chloi-acetyl  on  zinc  diethyl,  boils  at  225°-226°,  and  gives 
benzoic  and  propionic  acids  when  oxidised. 

4.  Pliemthylnwthyl  ketone,  C6H5.OHj.OHj.OO.OH3.  EthyUc 
flodaceto-acetate  (§  786),  when  ti'eated  with  h&nzyMc  chloride,  is 
converted  into  ethylic  benzyl  aceto-acetate : 

CH3 .  CO  .pTj^  ^,^  o  f!  TT 
CgHs.CHj.^^^-^^-^-^^^*' 

which  on  saponification  gives  alcohol,  a  carbonate,  and  phcnethyl- 
methyl  ketone.  This  latter  is  an  oil  boiling  at  235^-236°,  and 
giving  a  crystalline  compound  with  hydric  sodic  sulphite  : 

OeHs.OHj.OHj.p.OH       -rr  f^ 
CHg.^.SOaNa'^a^- 

Chromic  add  oxidises  it  to  benzoic,  carbonic,  and  acetic  acids. 

1040.  Phenyl-Uobutyl  ketone : 

ChH^O  =  06H5.CO.OH2.CH(OH3)2,      . 

is  obtained  by  the  dry  distillation  of  calcic  benzoate  and  isovalerate  ; 
it  boils  at  225°-226°,  and  yields  benzoic  and  isobut}T:ic  acids  on 
oxidation. 

Aromatic  Glycols. 

1041.  Only  a  single  true  aromatic  glycol  has  yet  been  obtained 
with  certainty. 

ToUylene  glycol,  xi/lene  glycol,  or  paraph  enylene  dicarbinol, 
OjHiqOj  =  06H4(OH2.0H)2.  Paraxylene,  when  treated  with  chlorine 
gas  at  140°,  gives  toUylene  dichloride,  C6H4(0H2C1)2,  melting  at 
100°,  or  with  bromine  yields  toUylene  dibromide,  C6H4(CH2Br)2,  in 
plates  melting  at  145°-147°.  When  thase  haloids  are  heated  at 
180°  with  30  times  their  weight  of  water,  they  are  converted  into  the 
glycol  toUylene  dihydrate,  06H4(OH2.0H)2,  which  crystallises  in 
needles  melting  at  112°-113°,  and  is  readily  soluble  in  water.  ToUy- 
lene diiodide,  06H4(OH2l)2,  obtained  by  heating  the  glycol  with 
hydriodic  acid,  forms  fine  ne^les,  melting  at  170°  with  decomposition 
and  readily  soluble  in  chloroform. 

The  halogen  compounds  rejict  ^vith  potassic  acetate  at  140°, 
forming  toUyhne  dxacetate,  crystalline  plates,  and  when  treated  with 
alcoholic  pota^'sic  hydrate  give  the  monethyl  etlier  of  toUylene  glycol, 
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CgH^Yitr^  OTT*  *»  ^  *^®  form  of  an  oil  of  agreeable  odour,  boiling 
at  252^.     Chromic  add  oxidises  tolly lene  glycol  to  terephthalic  add. 

Phenyl  AUcylenea, 

1042.  Styrolene,  cinnameiie^  or  phenyl  ethylene : 

CgHg  =  CgHs.CH  rCHj, 

is  a  constituent  of  liquid  storax,  from  which  it  can  be  obtained  by 
distillation  with  water  as  a  thin  oil,  boiling  at  145°  and  of  sp.  gr. 
•924°.     It  can  be  prepared  by  heating  dnnamic  acid  with  lime  : 

OeHs.CHiCH.CO.OH  +  CaO  =  CaCO,  +  C6H5.CH:CH2; 

by  boiling  phenethyl  chloride  (§  1029)  with  alcohoHc  potassic 
hydrate : 

CeH5.CH2.CH2.Cl  +  KOH  =  KCl  +  H2O  +  C6H5.CH:CH2 ; 

and,  together  with  benzene,  by  the  action  of  a  red  heat  on  acetylene. 
On  long  standing,  or  more  quickly  at  200°,  it  polymerises  to  an 
amorphous,  transparent  solid,  metoityrolene,  which  is  again  con- 
verted into  styrolene  on  distillation. 

It  unites  directly  with  the  halogens,  forming  styrolene  dihaloids. 
Styrolene  dichloridey  C8H8CI2  =  C6H5.CHCI.CH2CI,  is  liquid ;  the 
difyromidef  CgHg6r2,  crystallises  in  plates  and  needles  melting  at 
68°-69°.  They  both  decompose  on  heating,  either  alone  or  with  strong 
bases,  into  a-Mor-atyrolene,  C^Hs.CH  :CHC1,  and  a-hrom-styrolenef 
CgHs.CH :  CHBr,  liquids  which  cannot  be  distilled  unaltered.  The 
isomeric  /3-halogen  styrolenes  are  formed  by  the  dry  distillation  of 
phenyl-chlor-  and  phenyl-brom-lactic  acids  (§  1096).  ft-Chlor-atyroleTiey 
CgHg.CChCHj,  is  an  oil  boiling  at  199°,  of  hyacinth-like  odour; 
P-bro7n-8tyrolenef  C(jll5.CBr:CH2,  boils  at  228°.  Styrolene  diiodidey 
CgII„l2,  is  formed  by  mixing*  styrolene  with  solution  of  iodine  in 
potassic  iodide ;  it  cjinnot  be  preserved,  as  it  decomposes  readily  into 
iodine  and  metastyrolene. 

On  heating  styrolene  dibromide  or  a-brom-styrolcne  with  alcoholic 
potassic  hydrate  at  120° 

Phenyl  acetylene,  or  acetenyl  heiizene,  CgHg  =  CgH^.C  \  CH  (comp. 
§  759),  is  obtained  as  a  colourless  oil  boiling  at  140°. 

Like  acetylene,  ally  lene,  <fec.,  it  can  exchange  the  hydrogen  atom 
of  the  \  CH  group  for  metal ;  with  ammoniacal  cuprous  chloride  it 
gives  a  yellow  precipitate,  (C8H5)2Cu2 ;  with  ammoniacal  silver  solu- 
tions, a  white  precipitate  of  n^tr*  p- n  a  *a  ^^  with  metallic  so- 
dium hydrogen  is  evolved,  and  a  white  substance,  sodium  phenyl 
acetylene,  CgHs.C-CNa,  produced,  which  is  spontaneously  inflam- 
mable in  air. 

The  silver  and  copper  compounds  give  phenyl  acetylene  when 
treated  with  hydrochloric  acid.  On  shaking  the  copper  compound 
with  air  in  presence  of  alcoholic  ammonia,  diacetenyl  phenyl,  C15H10, 
is  formed  : 

CfiHg.C :  C.Cu  CejHfi.C  i  C 

I    -h  O2  =  2CuO  +  I 

CcHs.CC.Cu  C6H5.0:C 
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AROMATIC  ACIDS,  C„H2„ . gOj  =  CnH^i . y.CO.OH, 
AND  THEIR  SUBSTITUTION  PRODUCTS. 

1044.  The  aromatic  adds  of  the  formula  CnH^n  .  gO^  fall  naturally 
into  two  chief  groups. 

1.  Aromatic  oAds  proper,  in  which  the  CO.OH  group  is  directly 
united  to  the  carhon  of  the  henzene  nucleus. 

These  comprise  the  first  member  of  the  series,  benzoic  acid : 

CyHgOa  =  CgHs.CO.OH, 
and  its  alkyl  substitution  products  : 

^6*^4 1  CO.OH   '  ^6^3  j  bo.OH        '  *^- 

2.  Aromaiised  fatty  acids,  in  which  a  hydrocarbon  group,  CnH2n> 
is  placed  between  the  benzene  nucleus  and  the  CO.OH  group.'  They 
may  be  regarded  as  derivatives  of  the  fatty  acids,  CnHjn  +  i. CO.OH, 
in  whose  iJkyl  group  a  hydrogen  atom  has  been  replaced  by  a  benzene 
nucleus.  This  latter  can  eitiier  be  phenyl  or  an  alkyl-substituted 
phenyl.  In  these  ways  the  number  of  possible  isomers  becomes  very 
large,  as  shown  by  the  following  list  of  acids  of  the  formula  C9H10O2  : — 

Aromatic  Adda. 
C6H4  <  p^  ^Tx  ethyl  benzoic  acid,  3  varieties,  o.,  p.,  m. 

O^Ha  <  Lq  A^r  dimethyl  benzoic  acid,  6  varieties. 

Aromatiaed  Faulty  Adda, 
CH3 


a-phenyl  propionic  acid. 
CeH5.CH.CO.OH 

C5H5.CH2.CH2.CO.OH,  /3-phenyl  propionic  acid. 

r  CH 

C5H4  <  pTT^  pQ  QTT  methyl-phenylaceticacid,  3  varieties, o.,p., and m. 

The  hydrocarbon  groups  united  to  CO.OH  can  have  their  hydrogen 
substituted  for  other  elements  or  radicals,  whilst  the  acid  group 
CO.OH  is  capable  of  all  those  metamorphoses  previously  mentioned 
(com p.  §  535),  yielding  salts,  acid  anhydrides,  halogen  and  nitrogen 
derivatives,  <kc. 

1045.  Formation  of  Aromatic  Adda. — [n  addition  to  the  oxyda- 
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Benzoic  Acid,  CyHgOg  =  CeHg.GO.OH. 

1047.  Benzoic  acid  occurs  in  several  resins,  either  free  or  in  the 
form  of  ethereal  salts  (e.g.  in  gum  benzoin,  from  Styrax  Benztnn),  and 
at  times  it  occurs  naturally  in  the  urine*  of  herbivorous  animals. 

It  is  obtained  syntheticjilly  by  the  oxidation  of  benzoic  aldehyde, 
the  monalkyl  benzenes  (§  1009) — for  instance,  toluene — and  the  whole 
of  the  aromatised  fatty  acids  with  non-substituted  phenyl  groups  : 

CeH5.CnH2n.CO.OlI  +  SnO  =  nCOa  +  nUfi  +  CgHfi.CO.OH. 

It  can  bo  prepared,  by  the  general  methods  already  given,  from 
brom-benzene,  benzene-monosulphonic  acid,  and  phenyl  isosulpho- 
cyanide.  It  is  obtained  in  small  quantity  by  the  oxidation  of  albu- 
minoids or  of  benzene,  either  alone  or  mixed  with  formic  or  oxalic 
acids.  The  chief  source  of  the  benzoic  acid  occurring  in  commerce 
is  hippuric  acid,  or  benzoyl-glycocine,  a  substance  occurring  in  the 
urine  of  herbivorous  Mammalia ;  on  boiling  with  acids  or  alkalies,  or 
by  putrid  fermentation,  this  is  resolved  into  glycocine  and  benzoic 
acid  or  their  respective  salts  (comp.  §  717). 

It  is  best  obtained  from  gum  benzoin  by  slow  heating  in  a  flat 
iron  pan  lightly  covered  with  filter  paper  and  having  a  paper  hood. 
The  vapours  of  the  acid  pass  through  the  filter  paper  and  condense  on 
the  paper  hood  in  needles.  It  is  purified  by  recrystallisation  from 
boiling  water,  resublimation  or  distilhition  with  water. 

Benzoic  acid  crystallises  in  shining,  colourless,  flexible,  flattened 
needlas  or  leafy  crystals,  melting  at  1 20°  and  volatilising  with  water 
vapour  below  100°  ;  it  boils  at  250°.  At  ordinary  temperatures  it 
has  a  pleasant  aromatic  odour,  but  when  its  vapour  is  more  freely 
evolved  it  produces  coughing.  It  dissolves  in  about  200  parts  of  cold 
and  24  parts  of  boiling  water,  in  two  parts  cold  and  1  part  boiling 
absolute  alcohol,  and  readily  also  in  ether,  benzene,  and  oils. 

By  action  of  sodium  amalgam  on  an  aqueoas  solution  of  benzoic 
acid  this  is  partly  reduced  to  benzylic  alcohol,  whilst  at  the  same 
time,  togetlier  with  other  bodies,  a  hydrogen  addition  product^  benzole'ic 
acid  J  CyHjoOo  =•-  CgH9.CO.OH,  is  formed,  as  an  oil  which  is  oxidised 
by  atmospheric  oxygen,  again  jrielding  benzoic  acid. 

1048.  The  salts  of  benzoic  acid,  the  benzoates,  are  mostly  readily 
soluble  in  water  and  erystallisable.  Their  dilute  aqueous  solutions 
give  with  ferric  chloride  an  amorphous  reddish  brown  precipitate  of 
basic  ferric  benzoate.  The  alkali  salts  are  very  readily  soluble  in 
water.  C7H5K02,3H20  and  CyH^NaOajHaO  crystalline  in  needles, 
frequently  united  to  tufts  ;  (C7H502)2Ba,3H20  and 

(C7H502)2Ca,2H20 

are   also  readily  soluble;    (C7H502)2Pb,H20   and   C7H5Ag02  are 
crystalline  powders,  diflScultly  soluble  in  cold  water. 

The  ethei-eal  salts  of  benzoic  acid  are  obtained  similarly  to  those 
of  the  fatty  acids.  Methylic  benzoate,  C6H..i.CO.O.CH3,  boiling  at 
199°,  and  ethylic  heyizoaie,  boiling  at  211°,  are  colourless  liquids, 
heavier  than  water,  of  agreeable  odour.     Benzylic  benzoate  : 

CfiHB.CO.O.CHa.CgHj, 
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oocura  largely  in  the  liquid  portion  of  Peru  balHam ;  on  oooling  it 
cryBtallises  in  plates,  melte  at  about  20°,  and  boils  above  300^. 

Populiriet  C2oH220g,2H20,  or  benzoyl  salidne^  occurs  in  the  bark 
and  leaves  of  tlie  aspen  (Popidua  trcinula)^  and  is  prepared  similarly 
to  salioine.  It  is  obtained  artificially  by  melting  salicine  with  benzoic 
anhydride ;  it  crystallises  in  small  prisms  of  sweet  taste,  and  deoom- 
poses  into  salicine  and  benzoic  acid  on  boiling  with  baryta  water,  and 
mto  sugar,  saligenin,  and  benzoic  acid  with  mineral  adds. 

1049.  CMor-benzoyly  CgHj.CO.Cl.  is  prepared  by  the  action  of 
phosphoric  chloride  on  benzoic  acid  or  of  chlorine  on  benzoic 
aldehyde : 

C6H5.CO.H  +  Cl^  =  IICl  +  OfiHs.CO.a. 

It  is  a  liquid  of  unpleasant  burning  taste,  which  boils  at  199^  and 
is  slowly  decomposed  by  water  into  benzoic  and  hydrochloric  acids. 
By  luxating  with  potassic  bromide  or  iodide,  brom-benzoyl  and  iod- 
benzoyl  are  respectively  obtained.  By  the  action  of  phosphoric 
chloride  at  180°  benzo-trichloiridey  C6H5.CCI3,  is  obtained  as  a  liquid 
boiling  at  213°-214 ;  this  is  also  formed  by  the  long- continued  action 
of  chlorine  on  toluene  at  the  lx)iling  temperature. 

1060.  Benzoic  anhj/dride,  C 1 4 11 1 0O3  =  (C6H5.CO)20,  isobtained  by 
the  ac^tion  of  benzoyl  chloride  on  sodic  benzoate  or  by  the  decomposi- 
tion of  six  parts  of  the  latter  salt  with  one  part  of  phosphoric  ozy- 
chloride  (comp.  §  633).  The  sodic  salts  formed  are  dissolved  in  water 
and  thp  residual  anhydride  crystallised  from  alcohol.  It  forms  oblique 
prisniH,  and  is  only  slowly  converted  into  benzoic  acid  on  boiling  with 
wati^r  ;  it  melts  at  42°  and  boils  at  310°. 

Mixed  anhydrides  of  tlie  benzoic  acid  radical  with  those  of  the 
fatty  acid  arc  formed  by  treating  the  chloride  of  one  acid  radical  with 
the  sodic  salt  of  the  other  : 

Cfiirs.C^O.Ol  +  NaO.CO.CH3  =  NaCl  +  CeHj.CO.O.CO.CHs 
Cfilla.CO.ONa  +  CI.CO.CH3  =  NaCl  +  CeHj.CO.O.CO.CH,. 

Tjioy  ixre  not  volatile  as  such,  being  resolved  on  distillation  into 
simple  anhydrides  containing  like  acid  radicals.  For  instance,  on 
heating  aceto-betizoic  atUii/dride  to  150°  acetic  anhydride  distils, 
whilst  Ivnzoic  anhydride  remains  behind  : 

2C6H3.CO.O.CO.CH3  =  (C6H5.CO)aO  +  (CH3.CO)20. 

1061.  Jienzdjnidey  C7H7ON  =  Cfillj.CO.NHj,  is  formed  by  the 
decomposition  of  ethereal  salts  of  benzoic  acid,  benzoic  anhydride,  and 
chloi'-bonzoyl  with  ammonia  (comp.  §  636).  It  crystallises  in  shining 
plates  and  t^ibles,  melts  at  125°,  and  distils  at  about  290°.  It  is 
modonvtely  soluble  in  boiling  water,  more  I'eadily  in  alcohol  and 
ether.  Chlor-benzoyl,  when  treated  with  amline,  yields  phenyl 
henzamide,  CeH5.CO.N(CgH5)H,  and  phenyl  dibenzamide  : 

(CeH5.CO)2:N.CeH5, 

both  in  the  form  of  difficultly  soluble  crystalline  compounds. 
Benzoyl  glycociney  or  hippuric  add  : 

C9H9NO3  =  HO.CO  Cn2.N(CO.C6H5)H, 

occurs  in  the  urine  of  herbivorous  animals,  and  in  very  small  quantity 
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in  human  urine,  the  amount  in  the  latter  being  largely  increased 
when  benzoic  acid,  toluene,  benzoic  aldehyde,  dnnamio  or  quinic  acids 
are  taken  internally.  It  can  be  obtained  artificially  by  the  action  of 
benzoyl  chloride  on  argento-glycodne  (§  719): 

.  HO.CO.CH2.NAgH  +  Cl.CO.CfiHj  =  Aga 
4.  HO.CO.CH2.N(CO.C6H5)H, 

and  by  heating  benzamide  with  chlor-aoetic  acid.  It  is  prepared 
from  the  urine  of  cows  and  horses,  by  evaporating  to  a  fourth  of  the 
original  volume  and  then  acidulating  with  hycbtx;hloric  acid;  the 
separated  crude  acid  is  then  crystallised  from  boiling  water  to  which 
a  little  chlorine  water  has  been  added.  It  forms  shining  rhombic 
prisms,  soluble  in  600  parts  of  cold  water.  It  yields  salts  with  metals, 
but  on  long  boiling  with  bases  or  acids  splits  up  into  benzoic  acid  and 
glycocine. 

On  heating  with  plumbic  oxide  it  is  converted  into  benzamide,  the 
glycocine  residue  being  oxidised ;  with  nitrous  acid  it  yields  benzo- 
glycollic  acid : 

HO.CO.CH2.N(CO.C6H5)H  +  HONO  =  N,  +  Bfi 
+  HO.CO.CH2.0(CO.CeH5). 

Benzo-nitriley  or  phenyl  cyanide^  C7H5N  =  CgHj.CN,  is  formed,  in 
addition  to  the  methods  already  given  at  §  1045,  2  and  3,  by  the 
distillation  of  ammonic  benzoate  or  benzamide  with  phosphoric  anhy- 
diide  (comp.  §  636)  and  by  heating  chlor-benzoyl  with,  potassio  sulpho- 
cyanate : 

2C6H5.CO.Cl  +  2KS.cn  =  2KC1  4-  CO,  +  CSj  +  2C6H5.CN. 

It  is  a  colourless  oil,  boiling  at  191°,  of  sp.  gr.  1*023  at  0°,  which 
is  converted  into  benzoic  acid  and  ammonia  by  aqueous  acids  or 
alkalies,  and  combines  with  four  atoms  of  nascent  hydrogen,  forming 
benzylamine  (comp.  §  266). 

1052.  Sulphur  Compounds. — Chlor-benaoyl,  when  treated  with 
an  alcoholic  solution  of  potassic  sulphide,  yields  the  potassic  salt  of 
ihiobenzoic  acid : 

CeHfi.CO.Cl  +  KSK  =  KCl  +  CeHj.CO.SK, 

from  which  hydrochloric  acid  liberates  the  free  acid  as  a  fibro-ciystal- 
line  mass  nearly  insoluble  in  water. 

It  cannot  be  volatilised  alone,  but  distils  with  water  vapour.  Its 
ethereal  solution  oxidises  in  air  to  benzoyl  perstdphide : 

CgH^.CO.S 
2C6H5.CO.SH  +  O  =  HaO  +  I 

C6H5.CO.S 

Benzo-trichloride  (§  1049)  reacts  with  potassic  sulphide  in  alcoholic 
solution,  forming  potassic  diUdo-benzoate  : 

C6H5.CCI3  +  2KjS  =  3KC1  +  C6H5.CS.SK, 

from  which  dithio-benzoic  cusid,  C6H5.CS.SH,  can  be  separated  as  an 
unstable  violet-red  oil. 
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sponding  diazo-benzoic  acid  sulphates  by  heating  with  hydriodio  aoid 
(comp.  §  976),  the  para  acid  also  by  oxidation  of  paraiodo-toluene ; 
they  have  the  following  melting  points : 

159°  (ortho).  185°-187°  (meta).  267*'  (para). 

1056.  Nitr<hbenzoic  Adda,  CeH4(N02).CO.OH.— One  part  of  fused 
and  powdered  benzoic  acid  is  intimately  mixed,  two  parts  of  potassic 
nitrate  and  three  parts  of  sulphuric  acid  then  added ;  on  treatment  of 
the  mass  with  water  a  mixture  of  nitro-benzoic  acids  is  left,  oonsistr- 
ing  principally  of  the  meta  acid  together  with  smaller  quantities  of 
the  ortho  acid  and  a  trace  of  paranitro-bonzoic  acid.  Tliey  are  best 
separated  in  the  form  of  their  baric  salts,  that  of  the  ortho  acid  being 
more  readily  soluble  than  baric  metanitro-benzoate.  The  para  acid 
is  most  readily  obtained  by  the  oxidation  of  solid  nitix>-toluene : 

Ortho.  Mela.  Para. 

Melting  point 145°  141°-142°  238^ 

Crystalline  form  ....  Prisms.  Needles  and  plates.     Plates. 
Amount  of  water  at  1 6*5°  T 

required  to  dissolve  1  >  164  parts.  425  partem  Still  more. 

part  of  acid  J 

1056.  Amklo'henzoic  addsy  C5H4(NH2).CO.QH,  are  obtained  by 
reduction  of  the  nitro-benzoic  acids  with  ammonic  sulphide  or  with 
tin  and  hydix)chloric  acid.  On  employment  of  the  latter  method  the 
resulting  dilute  solution  is  supersaturated  with  sodic  carbonate, 
filtered  from  the  precipitated  basic  zinc  carbonate,  the  filtrate  concen- 
trated, and  excess  of  acetic  acid  added,  when  the  amido-benzoic  adds 
crystallise  out.  Orthamido-benzcic  acid,  or  anthraniUc  acidy  is  formed 
from  indigo  by  long  boiling  with  solution  of  sodic  hydrate  and  con- 
tinued addition  of  manganic  oxide ;  the  clear  yellow  solution  is  then 
neutralised  with  sulphuric  acid,  evaporated  to  dryness,  and  extracted 
with  alcohol.  This  latter  dissolves  sodic  orthamido-benzoate,  which  is 
finally  decomposed  by  acetic  acid.  The  amido-benzoic  acids  melt  at 
144°  (ortho),  173°-174°  (meta),  186°-187°  (para). 

They  crystallise  in  needles,  dissolve  in  hot  water  and  alcohol,  and 
possess  an  acid  reaction.  Like  glycocine  and  its  homologues,  they 
yield  salts  with  acids  and  bases,  and  as  aromatic  amines  show 
similar  changes  to  aniline ;  e.g.  meta-amido-benzoic  acid,  on  heating 
with  glacial  acetic  add,  is  converted  into  acetmet-^x/mido-benaaie  acid, 
CgH  Jn.C2H30.H).CO.OH,  metameric  with  hipnuric  aoid  (§  1051) ;  it 
forms  a  microcrystalline  powder,  melting  at  220°-230°,  difficultly 
soluble  in  water  and  converted  into  metamido-benaoic  add  hydro- 
chloride, C6H4(NH3Cl).CO.OH,  and  acetic  add  by  heating  at  140° 
with  hydrochloric  acid.  Ethyl  and  diethyl  meta-amido-benaoic  add, 
C6H4(N.C2H,vH).CO.OH  and  CftH4(N[C2Hj2).CO.OH,  are  also 
known. 

Amido-benzoic  acid  hydrochlorides  react  in  aqueous  solution  with 
potassic  pseudo-cyanate,  formiBg  uramido-benioic  adds  (oomp«  hydan- 
toic  add,  §  724) : 

CeH/^^gg^^  +  KNCO  =  KCl  -f  CeH^-^^^^'^^^ 

The  meta  compound  crystallises  in  colourless  needles  with  one 
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ffydroocy-benzoic  Acids,  C6H4(OH)CO.OH. 

1060.  The  hydroxy-benzoic  acids  combine  the  properties  of  acids 
with  those  of  phenols,  and  may  therefore  be  designated  as  phenol 
benzoic  acids.  They  yield  monobasic  salts  when  treated  with 
alkaline  carbonates,  but  with  the  hydrates  of  the  strongly  basic 
metals  they  also  exchange  the  phenol-hydroxyl  hydrogen  atom  for 
metal.     All  three  acids  yield  phenol  when  heated  with  Hme  : 

C6H4(OH).CO.OH  +  Ca(0H)2  =  CaCOs  +  H^O  +  CeHj.OH. 

1061.  Ortho-hydroxy-berizoic  acidy  or  salicylic  ctcid,  occurs  in  the 
flowers  of  Spiraea,  and  as  its  methylic  salt  forms  the  chief  constituent 
of  the  American  winter  green  oil  (from  Gaultheria  procuinhens).  It 
is  obtained  synthetically  from  phenol  by  the  simultaneous  action  of 
sodium  and  carbonic  anhydride;  most  conveniently  by  heating 
sodium  phenol  at  180°  in  a  stream  of  carbonic  anhydride,  when  one- 
half  of  the  phenol  distils,  leaving  a  residue  of  dibasic  sodic  salicylate : 

2CeHs.0Na  +  CO,  =  CeH.gJ*  j^^  +  CgHj.OH. 

It  is  also  formed  by  the  oxidation  of  saligenin  (§  1028)  and 
salicylic  aldehyde  (§  1033),  or  by  fusion  of  ortho-halogen  benzoic  acids, 
potassic  ortho-toluene  sulphonate,  or  ortho-cresol  (§  1015)  with  caustic 
potash. 

Salicylic  acid  crystallises  in  colourless  tetragonal  prisms,  melting 
at  156°  and  dissolving  readily  in  alcohol,  ether,  and  boiling  water 
(15-20  parts),  but  requiring  nearly  2,000  tinlos  its  weight  of  cold 
water  for  solution.  At  220°  it  decomiK)ses  into  phenol  and  carbonic 
anhydride,  but  can  be  sublimed  unaltered  on  careful  heating.  Its 
normal  sodic  salt  decomposes  at  220°  into  dibasic  sodic  salicylate, 
phenol,  and  carbonic  anhydride  : 

The   potassic   salt  suffers  an   analogous   change,   but  the    residue 
consists  not  of  salicylate  but  of  dibasic  potassic  pai*oxy-benzoate. 

Like  phenol,  salicylic  acid  gives  a  deep  bluish-violet  coloration 
with  ferric  chloride.  The  alkali  salts  are  all  pretty  readily  soluble 
and  crystallisable.     Normal  baric  salicylate  : 

[C6H4(OH).CO.O]2Ba,H20, 

forms  needles,  and  on  addition  of  baryta  water  to  its  boiling  aqueous 
solution  gives  difficultly  soluble  plates  of  the  dibasic  stilt : 

The  ethereal  salts  of  salicylic  acid  can  be  readily  obtained  by 
heating  salicylic  acid  with  sulphuric  acid  and  the  respective  alcohols. 
Oq  mixing  them  with  cold  concentrated  solutions  of  fdkalies,  metallic 
derivatives  separate,  C6H4(OM).CO.O.CnH.2n+i,  in  crystalline  form, 
and  yield  the  ethereal  salt  again  on  addition  of  adds,  but  salts  of 
salicylic  acid  and  alcohol  on  boiling  with  water.     Methylic  salicylate^ 
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1063.  Metaoxy-henzoic  acid,  frequently  termed  oocyhenzoic  acid, 
is  obtained  by  passing  nitrous  anhydride  into  a  dilute  boiling  aqueous 
solution  of  metaraido-benzoic  acid  or  by  boiling  metadiazo-benzoic  acid 
nitrate  with  water.  It  is  also  readily  obtained  by  fusing  meta- 
halogenated  benzoic  acids  and  metasulpho-l)enzoic  acid  with  potassio 
hydrate,  and  similarly  from  metacresol.  It  forms  a  crystalline  powder 
consisting  of  very  small  quadratic  tables,  sometimes  aggregating  to 
warty  masses,  is  difficultly  soluble  in  cold,  more  readily  in  hot  water, 
melts  at  200°,  and  can  be  to  a  great  extent  distilled  unchanged,  but 
on  stronger  heating  decomposes  into  carbonic  anhydride  and  phenol. 
It  does  not  jrield  a  violet  colour  with  ferric  chloride,  but  in  other 
respects  behaves  analogously  to  salicylic  acid.  It  gives  normal  and 
dilMusic  salts,  ethereal  salts,  and  the  isomeric  alkyl-ether  metaoxy- 
benzoic  acids,  but  does  not  yield  ethereal  anhydrides.  Ethylic  meta- 
oxi/'benaoate  is  a  solid,  crystallising  in  tables,  melting  at  72*^,  and 
boiling  at  282°.     With  cold  concentrated  sodic  hydrate  it  yields 

crystals  of  the  formula  C6H4'pQ  o  C  H  *  Methyl-metaoxy-benzoic 
acid,  CeH4'p^  ^A,  crystallises  in  needles  and  melts  at  95°.     Benzoic 

add  acetate,  O^R^'^^^,  melts  at  127°. 

1064.  Paraoxy-henzoic  add  is  usually  obtained  by  heating  potassio 
phenylate  at  200°  in  a  stream  of  carbonic  anhydride,  or  from  potassio 
salicylate  at  the  same  temperature.  It  is  further  obtained  by  passing 
nitrous  anhydride  into  a  hot  aqueous  solution  of  paramido-benzoic 
acid;  by  fusing  parahalogen-benzoic  acids,  parasulpho-benzoio  acid, 
paracresol,  and  many  resins  (e.g.  aloe,  dragon's  blood,  &c,),  with 
alkalies. 

Paraoxy-benzoic  acid  crystallises  with  one  molecule  of  water  in 
monoclinic  prisms;  when  anhydrous  it  melts  at  210°.  It  can  be 
sublimed  partly  imchanged,  but  is  at  the  same  time  in  part  decom- 
posed into  carbonic  anhydride  and  phenol.  It  is  more  soluble  in  oold 
water  than  its  isomerides. 

It  does  not  produce  any  violet  colour  with  ferric  chloride,  but 
gives  an  amorphous  yellow  precipitate,  soluble  in  excess  of  ferric 
chloride.  With  regard  to  metallic  and  ethereal  salts  and  ether-like 
compounds,  it  completely  resembles  its  isomerides,  giving,  for  example, 
a  soluble  neutral  basic  salt,  [05114 (0H).C0.0]2Ba,  and  a  difficultly 

soluble  basic  baric  salt,  06H4*^^  q/ 

Methylic  paraoosy-benzoate,  C6H4(OH).CO.O.OH3,  crystallises  in 
tables  and  boils  at  283°.  Ethylic  par<wxy-benzoate  melts  at  113^ 
and  boils  at  297'. 

1065.  Anisic  add,  or  methyl  paraoxy-benzoic  acid : 

C6H4(O.OH3).CO.OH, 

is  obtained  from  dibasic  potassio  paraoxy-benzoate  by  heating  with 
methylic  iodide,  saponification  of  the  salt,  CeH4(O.OH8).CO.O.CHj, 
with  potassic  hydrate,  and  decomposition  of  the  resulting  potassic 
anisate  with  hydrochloric  acid.  It  is  still  more  readily  obtained  by 
oxidation  of  its  aldehyde  (§  1033)  or  the  anethol  of  aoise  oil  with 
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chromic  acid.  It  crystallises  from  alcohol  in  lai^  prismsy  melts  at 
175^,  subUmes  undianged,  and  is  very  difficultly  soluble  in  cold  water. 
When  treated  with  the  strongest  bases  it  only  unites  with  one 
equivalent  of  metal;  it  yields  paraoxy-benzoic  acid  on  fusion  with 
potassic  hy<lrate : 

^•^*!cO.OK  "^  3K0H  =  ^6^4*00  Qjg^  +  K2CO3  +  SH,, 

and  gives  methyl  haloids  and  free  paraoxy-benzoic  add  on  heating 
with  fuming  halogen  hydro-acids : 

By  action  of  halogens  paraoxy-benxoic  add  and  anisic  add  are 
oonvcui;ed  into  halogen  substitution  products,  by  fuming  nitric  add 
into  mono-  and  diuitro-products. 

DmUmtituM  Benzoic  Acids, 

1066.  Three  dtchhr-hemoic  adds  are  known.  The  1:3:4 
modilication  is  obtained  by  the  chlorination  oi  dther  para-  or  meta- 
chlor-bensoio  add,  and  also  by  the  oxidation  of  dichlor-toluene  and 
of  dichloi^benzyl  chloride,  C(HsCl2.CH2CL  It  crystallises  in  colour- 
less needles,  mdting  at  202""  and  difficultly  soluble  in  water.  The 
1:2:3  (or  1:2:5)  derivative  is  obtained  by  the  action  of  hydro- 
chloric add  and  poiasdc  chlorate  on  benjsdc  add,  and  by  the  action  of 
antimonic  chloride  on  orthochlor^benzoic  add ;  it  crystallises  in  slender 
needles  and  melts  at  156^  1:2:4  dichlor-benaoic  add  is  obtained^ 
together  with  the  two  preceding,  by  the  action  of  water  on  dichlor- 
benao-trichloride  ;  it  crystallises  in  small  needles  and  melts  at  126*5^. 
Three  corresponding  dibrom-hfikzoic  acids  have  been  prepared — 1 : 3 : 5, 
melting  at  208*'-^209*' ;  1 :3:6  (or  1 :2:5),  melting  at  16P-152** ;  and 
1:3:4,  melting  at  229''-230''.  Diniiro-bimzoic  acids.  The  longest 
knoiK'n  of  these  bodies,  obtained  by  treatment  of  metanitro-benadc 
acid  with  nitro-sulphuric  acid,  is  the  1:2:4  compound  ;  it  melts  at 
204^.  Orthonitro-bensoic  add,  when  similarly  treated,  yields  three 
dinitro  adds — 1 :2 :5,  melting  at  140^  ;  1:2:4,  melting  at  179°  ;  and 
1:2:6,  melting  at  202°.  Diamido-bensoic  adds,  chlor  and  brom 
nitro-benxoic  adds,  and  disulbho-benzoic  adds  are  also  known^  in  each 
case  in  several  isomers.  Nitro-  and  halogen-substituted  hydroi^- 
benxdc  acids,  anisic  adds,  ^c,  also  belong  to  the  same  group,  but 
thdr  complete  description  would  lead  too  filir. 

The  diAyi/rotry-^efisotV  acids^  or  diphenol  benzoic  acids : 

C«H3(0H)^C0.0H, 

on  the  contrary,  are  of  oonsidwable  importance.     Of  the  sLk  possible 
isomers  four  are  known. 

1067.  1.  OxysalicyUe  or  hydroxy-saUcylic  acid^  (1:2:5).  On 
heating  salicylic  add  with  iodine  and  iodic  add,  mono-  and  diiodo- 
salicylic  add  are  formed^  and  can  be  separated  by  conversion  into  their 
sodic  salts,  that  of  moniodo-salicylic  ac!d  being  more  readily  soluble. 
Pure  iodo^alii^lie  add  is  nearly  insoluble  in  water  and  melts  at 
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184^.  When  heated  with  the  most  concentrated  potassic  hydrate 
solution,  till  iodo-salicylic  acid  no  longer  separates  on  acidulating,  it 
is  converted  into  potassic  oxy-salicylate,  from  which  the  free  acid  is 
liberated  by  sulphuric  acid  and  separated  by  shaking  with  other. 
Oxy-salicylic  acid  crystallises  in  shining  needles,  melts  at  196^-197^, 
and  i-equires  53  parts  of  water  at  16°  for  solution.  On  dry  distillation 
it  yields  hydroquinone  together  with  some  pyrocatechin.  With  ferric 
chloride  it  gives  a  deep  blue  colour. 

2.  Protocatechuic  add,  (1  :3 : 4),  is  a  frequently  occurring  product 
of  the  decomposition  of  resins  (guaiacnm,  dragon's  blood,  assafoetida, 
myrrh,  &c.)  by  fusion  with  potassic  hydrate,  and  is  further  obtained, 
by  the  same  method,  from  the  sulphonic  adds  of  para-  and  meta- 
cresol,  from  iodoparaoxy benzoic  acid,  catechin,  quinic  acid,  vanilline, 
and  other  bodies.  It  crystallises  with  one  molecule  of  water  in  plates 
and  needles,  dissolves  in  water,  alcohol,  and  ether,  and  when  dry  melts 
at  199®.  With  ferric  chloride  it  gives  a  dark  bluish  green  coloration, 
which  is  changed  to  blue  on  addition  of  a  small  quantity  of  soda  or  to 
dark  red  with  more  of  the  latter.  Dry  distillation  decomposes  it 
into  carbonic  anhydride  and  pyrocatechin. 

Ether-like  derivatives  of  protocatechuic  acid : — 

Fiperoni/lic  cicid,  methene  pix>tocatechuic  acid : 

O. 


CfiHa/'^CHaYcO.OH, 


is  obtained  by  oxidation  of  its  aldehyde  (§  1034),  and  by  heating 
protocatechuic  acid  with  methene  diiodide  and  potassic  hydrate : 

C6H3(OK)2.CO.OK  +  CHala  =  2KI  +  OgHa^^-CHa  VcO.OK. 

It  crystallises  in  colourless  needles,  which  melt  at  228°  and  can  be 
sublimed. 

Two  modifications  of  methyl-protocatechuic  acid  : 

C6H3(OH)(OCH8).CO.OH, 
are  known : — 

VaniUic  acid,  (CO. OB :OCU^:OK  =  1 :3:4),  is  obtained  by  the 
oxidation  of  vanilline  (§  1034)  and  coniferine.  It  crystallises  in 
white  plates,  melts  at  211°-212°,  and  can  be  sublimed. 

laovaniUic  acid,  (CO-OHiOHrOCHj  =  1 :3:4),  obtained  by 
heating  protocatechuic  acid  with  methylic  iodide  and  potassic  hy- 
drate, melts  at  250*^. 

Dimethyl-protocatechuic  acid,  CgH3(OCH3)2CO.OH,  is  identical 
with  veratric  acid  (§  1234). 

Ethijirmethylrprotocatechuic  acid,  C6H3(OCH3)(OC2H5).CO.OH, 
is  obtained  by  the  oxidation  of  ethyl  eugenol ;  it  melts  at  190°. 

3.  Two  isomeric  dioxy-henzoic  acids  are  obtained  by  fusion  of  the 
two  disulpho-benzoic  acids  with  potassic  hydrate ;  the  disulpho-acid 
obtained  by  the  action  of  sulphuric  anhydride  on  benzene  yielding 
1:2:3  dioxy-benzoic  acid,  melting  at  220°,  and  giving  no  colour  with 
ferric  chloride;  whilst  the  disulpho-bt^nzoic  acid,  obtained  by  the 
oxidation  of  toluene  disulphonic  acid,  gives  1:2:4  dioxy-henzoic  acid, 
melting  at  194°  and  giving  a  dark  red  coloration  with  ferric  chloride. 
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Trirsubetituted  Benzoic  Adda. 

1068.  GaUic  acid,  CyHgOs  =  CeH5(OH)3.GaOH  (1:2:4:5),  a 
trioxybenzoic  acid,  is  by  far  the  most  important  of  the  tii-substituted 
benzoic  acids.  It  occurs  in  the  leaves  of  the  wild  vine,  in  mangoes, 
in  divi-divi  (fruit  of  Ccteaalpina  coriaria),  and  also  in  small  quantity 
in  gall  nuts,  from  which  it  can  be  obtained  by  boiling  with  water. 

It  can  be  obtained  artificially  from  tannic  acid  by  boiling  with 
dilute  acids  or  alkalies,  by  spontaneously  oocuiring  fermentation  of 
solutions  of  tannic  acid,  and  finally  from  diiodo-salicylic  acid.  This 
latter,  obtained  from  the  action  of  iodine  and  iodic  acid  on  salicylic 
acid,  and  separated  from  moniod-salicylic  acid  as  above  described, 
yields  protocatechuic  acid  when  fused  with  alkalies,  but  potaasic 
gallate  when  heated  at  140^-150°  with  a  solution  of  potassic  car- 
bonate. 

Gallic  acid  crystallises  from  boiling  water  in  fine  silky  needles, 
CyHgOgjHjO,  which  dissolve  in  3  parts  of  boiling  and  100  parts  of 
cold  water,  readily  in  alcohol  and  ether.  At  100°  it  loses  the  water 
of  ciystallisation,  then  melts  at  about  200°,  and  decomposes  at  220° 
into  carbonic  anhydride  and  p3rrogallol  (§  999).  The  aqueous  solu- 
tion gives  a  blackish  blue  precipitate  with  ferric  chloride,  and  reduces 
solutions  of  the  noble  metals.     Its  normal  salts,  e.g. 

C6H2(OH)3.CO.OK, 

are  stable  in  the  dry  state,  but  in  aqueous  solution  absorb  oxygen 
and  decompose.  These  oxidation  processes  occur  especially  quickly 
in  solutions  of  the  basic  salts,  which  contain  up  to  four  equivalents  of 
metal.  Treated  with  chlor-aoetyl,  it  yields  colourless  needles  of 
triaceto-gallic  add,  C6H2(O.C2H30)3.CO.OH.  Bromine  at  ordinary 
temperatiu'es  converts  it  into  brom-  and  dibrom-gallic  acid,  both 
crystalline  compounds,  of  which  the  latter,  C6Br2(OH)3CO.OH,  is  a 
penta-substitution  product  of  benzoic  acid. 

1069.  Tannic  acid,  or  tannin,  C,4H|o09,  stands  in  near  relation 
to  gallic  acid,  being  probably  its  first  ethereal  anhydride  : 

C6H2(OH)3.CO.O.C6Hj(OH)2.CO.OII. 

It  is  formed  from  gallic  acid  by  heating  at  120°  with  phosphoric  oxy- 
chloride,  and  by  boiling  its  solutions  with  arsenic  acid.  It  forms  a 
chief  constituent  of  the  ordinary  and  Chinese  gall  nuts  and  of  sumach 
(leaves  of  Rtia  coriaria),  from  which  it  may  be  extracted  by  twice 
repeated  long  maceration  of  the  powdered  substances  with  double  the 
quantity  of  a  mixture  of  four  parts  ether  and  one  part  alcohol.  The 
filtered  solution  is  then  mixed  with  a  quantity  of  water  equal  to  1^ 
time  the  weight  of  the  gall  nuts,  the  alcohol  and  ether  evaporated, 
and  the  aqueous  solution  finally  brought  to  dryness  on  the  water 
bath. 

Tannin  is  an  amorphous  shining  mass,  readily  soluble  in  water,  of 
strong  astringent  taste  and  weak  acid  reaction.  Its  aqueous  solution 
is  precipitated  by  mineral  acids  and  many  alkaline  salts,  and  gives  a 
bluish  black  precipitate  with  ferric  salts  (ink).  It  also  gives  a  preci- 
pitate with  gelatine  solutions,  and  is  removed  from  its  solutions  by 
gelatinous  tissue,  the  different  varieties  of  leather  being  formed.     It 
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further  gives  pi-ecipitates  with  tartar  emetic,  starch  solution,  albumin, 
and  nearly  all  alkaloids.  Boiled  with  excess  of  acetic  anhydride,  it 
giyes  perUaceto-tannin,  014115(0211302)509,  melting  at  137°. 

It  forms  neutral  and  basic  salts,  the  latter  absorbing  oxygen  from 
the  air  and  becoming  brown-coloured. 

On  exposing  an  aqueous  solution  of  tannin  for  a  long  time  to  the 
action  of  the  air,  a  deposit  is  obtained  which  is  a  mixture  of  gallic' 
acid  together  with  ellagic  acid,  an  oxidation  product  of  tannin. 

1070.  EUagic  acid,  Oi4Hg09,H20,  is  also  obtained  by  heating 
gallic  acid  with  dry  arsenic  acid  at  130°-160°,  by  long  heating  of 
solutions  of  tannin  or  gallic  acid  with  iodine,  and  forms  the  main  con- 
stituent of  bezoar  stones  (an  intestinal  calculus  of  the  Persian  goat). 
Ellagic  acid  forms  a  pale  yellow  microcrystalline  powder,  nearly  in- 
soluble in  water,  difficultly  soluble  in  alcohol,  and  forming  readily 
soluble  salts  with  acids.  At  100°  it  loses  its  water  of  crystallisation, 
and  at  200°  a  second  molecule  of  water,  being  converted  into  an 
anhydride  derivative,  Oi^HgOg. 

1071.  Quinic  acid,  Q^YL^^O^,  oociu'^  chiefly  in  the  cinchona  barks 
as  a  quinine  salt,  but  is  also  found  in  many  other  plants,  such  as  the 
bilberry,  ooflee  beans,  (fee. 

On  precipitating  the  quinine  alkaloids  from  the  sulphuric  acid 
extract  of  the  bark,  with  milk  of  lime,  it  remains  in  solution  as  calcic 
salt,  which,  on  evaporation  of  the  solution,  is  obtained  in  lai^e  efflore- 
scent rhombic  crystals  of  the  formula  ^C7HiiO6)2Ca,10H2O.  By 
decomposition  of  the  aqueous  solution  of  this  salt  with  oxalic  acid  and 
evaporation  of  the  filtrate,  quinic  acid  crystallises  in  oblique  rhombic 
prisms.  It  is  readily  soluble  in  water  and  melts  at  162°.  Its  aqueous 
solution  rotates  the  plane  of  polarisation  of  light  to  the  left.  The 
normal  salts  are  mostly  soluble  and  contain  one  equivalent  of  metal, 
but  basic  salts  are  also  known,  e.g.  of  lead  and  copper. 

On  dry  distillation  quinic  add  yields  hydroquinone,  pyrocatechin, 
benzoic  acid,  phenol,  <fec. ;  by  treatment  with  oxidising  agents,  e.g. 
by  heating  with  manganic  dioxide  and  dilute  sulphuric  acid,  it  is 
converted  into  formic  acid,  carbonic  anhydride,  and  quinone.  Gently 
heated  with  phosphoric  chloride,  it  yields  metachlor-benzoyl  chloride, 
C6H4CI.CO.OI ;  by  heating  with  concentrated  hydriodic  acid,  only 
benzoic  acid.  Fusion  with  caustic  potash  or  the  action  of  bromine  on 
its  aqueous  solution  converts  it  into  protocatechuic  acid. 

It  can  therefore  be  regarded  as  the  hexhydride  of  a  tetroxy- 
benzoic  acid  (comp.  §  947,  2),  C6H7(OH)4.CO.OH. 

HOMOLOOUES   OF   BENZOIC   ACID. 

Acids  of  the  Formula  Q^Jd^' 

1072.  Phenylrocetic  acid,  or  a-toluic  octc/,  C6H5.CH2.CO.OH,  is 
generally  prepared  from  benzylic  chloride  (§  1027)  by  heating  with 
potassic  cyanide  and  alcohol,  when  benzyl  cyanide,  or  phenyl  aceto- 
nitril,  C5H5.CH2.ON,  boiling  at  229°,  is  obtained,  and  this  decomposed 
by  boiling  with  alkalies.  It  is  also  synthesised  as  its  ethylic  salt  by 
heating  a  mixture  of  brom-benzene  and  ethylic  chlor-acetate  with 
powdered  copper  at  200°  : 

CfiHsBr  +  CI.CH2.CO.O.C2H5  +  Cu2  =  CuaBrCl 
+  C6H5.CH2.CO.O.CaH5. 
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Benzflic  cyanide,  mentioned  abore,  oocnn  in  the  etherod  oil  cf 

TrapaeoUum  ma/us, 

CH 
1073.  Toluic  aeUs,  or  Tfuih>/1  benzoic  aeidM^  ^c^4  rv)OH'     *** 

known  in  three  modificaticma,  ortho,  meta,  and  para.  The  fint  and 
hwt  are  formed  \ff  the  oxidation  of  the  respective  xylenes  (§  1021) 
with  dilate  nitric  acid  : 

C4H4(CH,),  +  30  =  C«H4(CH,).CX).0H  +  H,0, 

and  can  be  separated  from  the  nitro  products  formed  at  the  anme  time 
by  distillation  with  water  vafiour. 

HcTtaxylene,  whcm  pare,  is  not  attacked  by  nitric  acidybot  is  when 
mixed  with  paraxylene,  yielding  a  mixtare  c^  metar  and  para-tc^oie 
adds,  which  cannot  be  completely  separated. 

1 .  Ortho-toluie  aci/l  is  UKoally  pre]Nired  from  its  nitril,  orihocyano- 
toluene f  hw  decomposition  with  alcoholic  potaasic  hydrate  or  hydro- 
chloric acid.  It  crystallises  in  long  fine  needles,  melts  at  102^,  and  is 
difficaltly  soluble  in  cf>l(],  rea/lily  in  hot  water.  Oxidation  with 
chromic  and  sulphuric  acid  converts  it  not  into  phthalic  acid,  bat 
int^>  carlxmic  anhydride  and  water  (comp.  §  954).  On  the  other 
hand,  much  phthalic  acid  is  obtained  by  employment  of  exactly  the 
neoesKary  amount  of  potassic  permanganate  in  alkaline  solution.  The 
calcic  taU,  [CtiH^((m^).CO.O]2C&,2Hfi,  crystallises  in  needles  and  is 
readily  soluble  in  water.  Concentrated  nitric  acid  converts  it  into 
nilro'orlho-toluic  acid,  C^H3(N02)(CH3).CO.OH,  melting  at  145^ 
OrtJuf-cyano-loluene,  C6H4(CH3).CN,  is  prepared  from  ortho  toluidine 
(§  1014)  by  first  ocju verting  it  into  isosulphocyanate  and  then  heating 
this  with  i)owdered  copper.  It  is  an  oil  of  bitter  almond-like  odour, 
Iwiling  at  203^-204°. 

2.  Metatoluic  acid  is  obtained  in  a  state  of  parity  by  heating 
uvitic  acid  with  lime : 

2CflH3(OH,)(CO.OH)j  +  3Ca(0H)a  =  2CaC03  +  ^H^O 

+  [C6H4(OH3)CO.O]2Ca. 

it  crvHtalliHCs  in  needles,  melts  at  109^-110°,  and  is  more  readily 
Nohibfe  in  water  than  the  preceding.  Chromic  and  sulphuric  acid 
oxidine  it  to  isophthalic  acid.     The  readily  soluble  calcic  salt : 

(C8H702)2Ca,3HaO, 

orystallisoH  in  spear-shaped  needles. 

3.  Paratoluic  acid  is  obtained  by  treating  parabrom  toluene 
(§  1012)  with  sodium  and  carbonic  anhydride  : 

CH,.0eH4.Br  +  CO,  +  Naj  =  NaBr  +  CH3.CeH4.CO.ONa, 

or  by  Biiponification  of  para^cyaiio-toluene  (a  crystalline  mass  melting 
at  38°,  obtained  from  {Niratoluidine  by  conversion  into  isosulpho- 
cyanate, (Src,  or  from  |)oti»<8io  paratoluene  sulphonate  by  dry  distilla- 
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tion  with  potessic  cyanide).  It  crystallises  in  needles,  melts  at  178®, 
and  is  very  difficultly  soluble  in  cold  water.  On  oxidation  it  yields 
terephthalic  acid ;  its  calcic  salt,  (C8H702)2Ca,3H20,  crystallises  in 
shining  prisms,  which  are  readily  soluble.  With  concentrated  nitric 
acid  it  yields  nitro-paratoluic  (und,  melting  at  189^-190°. 

All  three  toluic  acids  yield  toluene  when  distilled  with  lime : 

^fi^^CaOH  +  ^<^^)2  =  CaCOa  +  H^O  +  CeHfi.CH,. 

Acids  of  the  Formula  CgHjoOj. 

1074.  Phenyl-propionic  acids,  C6H5.C2H4.CO.OH.  Two  are  known, 
hydrocinnamic  acid  and  hydratropic  acid. 

Hydrocinnamic  acid,  or  fi-phenyl^propionic  acid,  is  obtained  by 
the  action  of  nascent  hydrogen  on  cinnamic  acid,  C9Hg02i  by  careful 
oxidation  of  primary  phenyl-propyl  alcohol  (§  1030),  and  from  its 
nitrile,  phenethyl  cyanide,  C6H5.CH2.CH2.CN,  by  heating  with  hy- 
drochloric acid.  This  latter  occurs  in  oil  of  watercress  {Nasturtium 
officinale),  and  can  be  obtained  by  the  action  of  potassic  cyanide  on 
styryl  chloride  (§  1029).  Tt  is  an  oil  boiling  at  261°  and  of  sp.  gr. 
10014  at  18°. 

Hydrocinnamic  add  is  readily  soluble  in  ether,  alcohol,  and  boiling 

water,  difficultly  in  cold  water ;  it  melts  at  47°  and  boils  at  280°. 

Chromic  acid  oxidises  it  to  benzoic  acid  j  fuming  nitric  acid  converts 

it  into  para/nitro-hydrocinnamic  acid,  forming  flat  needles,  melting 

at  164°. 

CH 
ffydrcUropicacidfCoVl^.CIi'^Ql^jrt  or  a-phenyl-propionic   acid, 

is  formed  by  addition  of  hydrogen  to  atropic  add;  it  is  a  liquid 
which  does  not  crystallise. 

C  H 

1075.  Uthyl-benzoic acids,  C^H.^'^^.^^,     Of  these  only  the  para 

compound  has  been  prepared,  by  the  action  of  sodium  and  carbonic 
anhydride  on  parabrom-ethyl-benzene : 

C2H5.C6H4.Br  +  Naj  +  CO2  =  NaBr  +-  CaH^.CeH^.CO.ONa, 

and  by  oxidation  of  paradiethyl-benzene  (§  1023)  with  dilute  nitric 
acid.  It  forms  plates  resembling  benzoic  acid,  and  melts  at  110°. 
Chromic  acid  oxidises  it  to  terephthalic  add. 

1076.  Dimethyl-benaoic    acids,    C5H3  <  Xq  ^?4|.    Of  these  three 

isomers  are  known. 

Mesitylenic  add,  (1 : 3 :5),  is  formed  by  the  oxidation  of  mesitylene 
with  dilute  nitric  acid.  It  crystallises  from  boiling  water  in  needles, 
from  alcohol  in  large  prisms,  melts  at  166°,  and  can  be  sublimed.  Dry 
distillation  with  lime  converts  it  into  metaxylene  (§  1021) ;  by  oxida- 
tion with  chromic  add  it  is  converted  into  the  dibasic  uvitic  acid 
(§  1111),  and  finally  into  the  tribasic  trimesic  add  (§  1113,  1).  Its 
baric  salt,  (C^HgOa^aBa,  crystallises  in  large  prisms,  readily  soluble  in 
"water. 

Xylic  acid,  (CO.OH :  CH3 :  CH,  =  1 : 2 : 4),  is  prepared  from  brom- 
meUixylene  by  means  of  sodium  and  carbonic  anhydride.     Like  the 
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pi^eoeding,  it  is  difficultly  soluble  in  water,  more  readily  in  ^^Vinli^y^ 
from  whidi  it  cryBtalliseB  in  large  monodinic  prisms,  melting  at  126^ 
It  yields  metaxylene  when  distilled  with  lime.    Its  calcic  waU  : 

(C9H90j),Ca,2H,0, 

crystallises  in  large  prisms. 

By  oxidation  of  pseudocumene  with  dilute  nitric  acid  xylic  acid 
is  ob^ned  together  with 

PartLxylic  acid,  (1:3:4),  which  can  be  separated  from  the  fcmner 

by  means  of  its  calcic  salt,  2(C9Hg02)aCa,7H30,  which  crystallises  in 

bunches  of  brittle  needles.     The  free  acid  ciystallises  from  alcohol  in 

concentrically  grouped  spear-like  needles.    It  yields  orthoxylene  when 

distilled  with  Hme. 

CH 
Parameihyl-phenylaeUic  acid,  ^s^AQ^QQQ^t^^-^Hcaeid, 

is  prepared  from  its  nitrile,  tolyl  cyanide  (comp.  §  1029,  1),  in  the 
usual  manner,  in  the  form  of  broad  shining  plates,  melting  at  42^.  It 
dissolves  readily  in  hot  water. 

Acidi  of  ike  Formula  CioHuOj. 

C  H 

1077.  1.  Cumic  acid,  C^'R^'^l.  Jjj,  a  parapropyl  benzoic  add,  is 

formed,  together  with  cuminic  alcohol,  when  their  aldehyde  (§  1035) 
is  heated  with  alcoholic  potassic  hydrate.  It  crystallises  in  tables  or 
prisms,  only  readily  soluble  in  alcohol  or  ether,  melts  at  114^-115*', 
and  can  be  sublimed.     Chromic  add  oxidises  it  to  terephthalic  add. 

2.  Durylic  add,  a  trimethyl  benzoic  add,  CeH,  <  \^  Jix^  is  ob- 
tained by  oxidation  of  durene  (§  1025)  with  boiling  aqueous  nitric 
acid.  It  crystallises  from  alcohol  in  hard  shining  prisms,  melts  at 
149°-150°,  and  is  scarcely  dissolved  by  boiling  water. 

1078.  Homocuminic  acid,  C11H14O3,  or  parapropyl-phenyl  acetic 

C  H 
ocu/,  CeH^'pIr  Vi(<v  rvziy  ^  Obtained  from  its  nitrile,  and  this  from 

cumin  alcohol  by  conversion  into  chloride  and  decomposition  with 
potassic  cyanide.     It  melts  at  52°. 

Ajiomatic  Hydroxt-Acids. 

1079.  The  aromatic  hydroxy-adds,  to  which  group  the  hydroxy 
derivatives  of  benzoic  add  previously  mentioned  also  belong,  appear 
by  their  formula  as  homolc^ues  of  the  latter,  but  this  is  truly  the  case 
only  when  the  hydroxyl  substitution  occurs  at  the  benzene  group,  in 
which  case  the  hydroxy-acids  have  the  properties  of  phenols  also. 
Such  compounds  may  arise  both  from  the  alkyl  benzoic  adds  and 
from  the  aromatised  £Eitty  adds  (comp.  §  1044) ;  e.g. 

fOH  .Qjj 

^*^' IcaOH      "^^      ^*^'  I  CH,.CH^CO.OH 

CresoHc  acids.  Melitolic  add. 

If  the  subsiatuticm  occurs  in  the  aromatised  fieitty  adds  at  the 
groups  CnHsB  lying  between  the  benzene  nucleus  and  the  CO.OH 
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group,  aromatic  derivatives  of  the  alcohol  acids  are  obtained ;  e.g. 
phenyl  glycollic  acid,  C6Hs.CH(0H).C0.0H.  Finally,  in  the  alkyl 
benzoic  acids  the  substitution  can  occur  in  the  alkyl  group,  so  that 
aromatic  alcohol  acids  result,  like  §  1082. 

In  the  case  of  the  hydroxy lated  acids  many  combinations  of  these 
varieties  of  substitution  might  occur,  so  that  the  number  of  possible 
isomers  is  very  large. 

Monohydroxy-AcidB  of  the  Formxda  CnH2n-8(^H).CO.OH. 
Add%  of  the  Formula  C7He(0H)C0.0H. 

CH 

1080.  Uydroxy-tohiic  acids f  C^Il3(0H)*pQ  \)W  ^^^®  numerous 

possible  isomers  five  are  known.  Three,  the  cresotic  acids,  are  pre- 
pared by  the  action  of  sodium  and  carbonic  anhydride  on  the  three 
modifications  of  cresol : 

C6H4(OH).CH3  +  Naj  +  CO2  =  C6H3(ONa)(CH3).CO.ONa  +  Hg. 

They  crystallise  in  needles,  and  in  aqueous  solution  give  violet 
colorations  with  ferric  chloride.  Without  doubt  they  contain  the 
hydroxyl  and  CO.OH  groups  in  neighboiuing  (ortho)  positions,  and 
are  therefore  methylised  salicylic  acids.  a-Cresotic  acid,  from  para- 
cresol,  melts  at  147°- 150°;  fl-cresotic  add,  from  ortho-cresol,  at  164°; 
and  y-cresotic  acid,  from  metacresol,  at  174°. 

a-Oxytoluic  acid,  obtained  by  fusion  with  caustic  potash  of  the 
sulpho-paratoluic  acid,  obtained  by  oxidation  of  thio-cymophenol 
(§  1023),  crystallises  in  needles  and  melts  at  202°-203°. 

fi'Oxytoluic  acid  is  obtained  from  nitro-paratoluic  acid  by  reduc- 
tion to  amido-paratoluic  acid  and  decomposition  of  the  latter  with 
nitrous  acid  in  boiling  aqueous  solution.  It  crystallises  in  needles 
grouped  in  star-like  forms,  and  melts  at  183°-184°.  Both  oxytoluic 
acids  give  no  coloration  with  ferric  chloride. 

1081.  Phenyl  glycoUic  acid,  C6H5.CH(OH).CO.OH,  or  mandelic 
acid,  is  obtained  from  benzaldehyde  in  the  same  manner  as  lactic 
acid  from  acetic  aldehyde.  Benzaldehyde  unites  directly  with  hydro- 
cyanic acid,  forming  benzylidene  hydrate  cyanide,  C6H5.CH(OH).CN, 
whose  aqueous  solution,  on  boiling  with  hydrochloric  acid,  is  converted 
into  ammonic  chloride  and  mandelic  acid.  The  solution  is  evaporated 
to  dryness  on  the  water  bath  and  the  mandelic  acid  extracted  with 
ether.  It  crystallises  in  prisms  or  tables,  is  readily  soluble  in  water,  and 
melts  at  115°;  oxidising  agents  convert  it  into  carbonic  anhydride 
and  benzoic  aldehyde  or  acid.  Hydrochloric  or  hydrobromic  acids 
readily  convert  it  into  phenyl-chlor-  or  phenyl-brom-acetic  acids : 

C6H5.CH(OH).CO.OH  +  HBr  =  HjO  +  CeH^.CHBr.CO.OH. 

Hydriodic  acid,  on  heating,  reduces  it  to  phenyl  acetic  acid  : 

C6H5.CH(OH).CO.OH  +  2HI  =  I,  +  H3O  +  CeHg.CHa.CO.OH. 

These  reactions  place  mandelic  add  in  very  close  relationship  to  the 
acids  of  the  lactic  series. 

1082.  Oxymethyl-phenyl formic  acid,  G^K^'qq  I;^  ,  ifl  obtained 


^»»  S«9*?E.k£«r 


>' 


**fii-^      V9f.      '    ^.*     ^ 


WifH  •rirmuir'i?  wtM  rr  uuxizsciii  ir  i*~'[tn4 


ic  fir 


vultn^r  tf  ^T^       I  i»ii  a  vrii  ygiMrri'  x^^'omx^  rmr^rs  •«■•»« i«g 
jont    v*nifMr  iuii«7*«cK  sue   h^naQ&      Xeiiii<«ii^  icic 


i     f^'tw^-.^'T.^.   %fUC     '.  4^.   /-l^      —  -    — -        1    4. 

Om  S^kXu^  wftli  dil'jVt  Mfti*,  pLlorviasx^e  cf^'ie  up  inif:^ 


PHENYL  LACTIC  ACIDS.  641 

and  pIdoreti7iey  C15H14O6,  which  on  cooling  separates  in  colourless 
plates.  Phloretine  is  a  salt  of  phloretic  acid  and  phlorogludn 
(§  1000),  and  is  decomposed  into  these  on  evaporation  with  solution 
of  potasaic  hydrate. 

When  the  dry  alkaline  mass  is  extracted  with  alcohol,  potassic 
phloretate  dissolves,  whilst  potassium  phloroglucin  remains  behind. 
Phloretic  acid  crystallises  in  long  colourless  prisms,  melting  at  128°- 
130°  ;  it  is  readily  soluble  in  alcohol,  ether,  or  hot  water,  and  gives  a 
green  colour  with  ferric  chloride.  It  forms  normal  and  basic  salts, 
and  is  converted  into  paraoxy-benzoic  and  acetic  adds  on  fusion  with 
potassic  hydrate,  and  into  phlorol  (§  1018)  and  carbonic  anhydride 
on  distillation  with  lime. 

1084.  Phenyllacticacid»,  CQB.^.CiI[^{OJl).CO,0}l.  Two  isomeric 
acids  of  this  formula  are  known. 

1.  Phenyl  lactic  acid,  probably  /3-phenyl-a-hydroxy-propionic  acid, 
C6H5.CH2.CH(OH).CO.OH,  is  obtained  by  the  action  of  sodium 
amalgam  on  phenyl-chlor-lactic  acid  (C6H5.CHCl.CH(OH).CO.OH, 
obtained  by  action  of  hypochlorous  acid  on  cinnamic  acid)  or  phenyl 
brom-lactic  acid.  It  crystallises  in  pointed  needles  readily  soluble  in 
cold,  still  more  so  in  hot  water,  melts  at  93°-94°,  and  decomposes  at 
180°  into  water  and  cinnamic  acid.  Concentrated  halogen  hydro- 
acids  convert  it  into  phenyl  halogen  propionic  acids. 

2.  Tropic  acid^  which,  from  its  decompositions  and  its  connection 
with  atropic  acid,  is  probably  a-phenyl-/3-hydroxy-propioiuc  add : 

r*  TT    piiJ»^-li2'^H 

is  formed  by  heating  atropic  acid  and  concentrated  hydrochloric  acid 
at  180°  for  several  hours.  It  dissolves  in  49  parts  of  water  at  14*5°, 
is  more  retidily  dissolved  in  alcohol  and  ether ;  it  crystallises  in  prisms 
and  melts  at  117°.  By  long  heating  with  hydrochloric  add  it  loses 
water  and  is  converted  into  atropic  and  isatropic  acids. 

Higher  ffomologues. 

1085.  The  isomeric  phenols  thymol  and  carvacrol  (§  1023)  are 
converted  by  the  action  of  carbonic  anhydride  and  sodium  into  two 
isomeric  adds  of  the  formula  : 

LCO.OH 

thijitiotic  and  carvacroiic  acids,  both  giving  intensely  blue  colorations 
with  ferric  chloride.  Thymotic  add  crystallises  in  fine  needles;  it 
melts  at  120°,  cannot  be  sublimed  unchanged,  and  is  difficultly  soluble 
in  water.  Heated  with  phosphoric  anhydride,  it  yields  an  ethereal 
anhydride,  thymotide,  CuHijOg,  which  is  crystalline  and  melts  at 
187°.     Carvacroiic  acid  forms  flat  needles,  melting  at  133°-134''. 

Dihydroxy- Acids  oftlie  Formula  CnH2n-9(OH)2.CO.OH. 

1086.  Orsellinic  acid,  C6H2(CH3)(OH)2.CO.OH,  is  obtained  from 
leciinoric  acid  or  erythrino  by  boiling  for  a  short  time  with  baryta  or 
lime  water.     It  crystallises  in  colourless  prisms  of  both  add  and 
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caffeic  acid  and  umbellic  acid.  They  are  probably  both  represented  by 
the  formula  C6H3(OH)5.CjH4.CO.OH. 

Hydrooaffeic  add  is  obtained  by  the  action  of  sodium  amalgam 
on  caffeic  acid,  C9H8O4.  It  forms  colourless  rhombic  prisms,  readily 
soluble  in  cold  water.  It  yields  amorphous  salts,  which  decompose 
on  exposure  to  air  from  oxidation,  whose  solutions  reduce  ammomacal 
solutions  of  copper  and  silver  and  give  a  dark  cherry-red  colour  with 
ferric  chlonde. 

From  its  connection  with  caffeic  acid  it  would  appear  to  have  the 
formula  (HO)2:CeH3.CH2.CH2.CO.OH.  On  fusion  with  potassic 
hydrate  it  yields  pyrocatediin, 

Umbellic  add,  which  yields  resorcin  on  fusion  with  potassic  hy- 
drate, is  obtained  by  the  action  of  sodium  amalgam  on  an  alkaline 
solution  of  umbelliferone,  CgHgOa.  It  forms  colourless  granular 
crystals,  melting  below  125°  and  difficultly  soluble  in  cold  water.  Its 
salts  also  oxidise  on  exposiu*e  to  air,  and  reduce  alkaline  sUver  and 
copper  solutions. 

1089.  Tyrodney  C9H,  1NO3,  doubtless  belongs  to  the  disubstitution 
products  of  monobasic  aromatic  acids  of  the  formula  C9H1QO2.  It 
has  not  yet  been  prepared  synthetically,  but  has  only  been  obtained, 
together  with  leucine  (§  750),  aspartic  acid  (§  863),  and  glutamic  acid 
(§  866, 3),  as  a  decomposition  product  of  different  albuminoids,  equally 
whether  the  decomposition  has  been  effected  by  fusing  alkalies,  by 
acids,  or  as  in  putr^action  by  the  action  of  ferment-like  bodies.  This 
last  method  of  formation  explains  its  occurrence  in  the  animal 
organism.  It  is  best  obtained  in  large  quantity  by  boiling  horn 
shavings  with  a  mixture  of  2  parts  sulphuric  acid  and  8  parts  water 
for  twelve  hours,  the  water  evaporated  being  replaced ;  the  liquid  is 
then  rendered  alkaline  by  milk  of  liine,  the  filtrate  evaporated  to  a 
small  volume  and  over-saturated  with  acetic  acid.  On  long  standing 
tyrosine  separates,  whilst  leucine,  <kc.,  remain  in  solution.  It  is  puri- 
fied by  hot  waier,  and  then  forms  bunches  of  fine  silky  needles,  soluble 
in  150  parts  of  boiling  water  and  1,900  parts  of  cold  water,  scarcely 
soluble  in  alcohol,  insoluble  in  ether.  It  can  be  recognised  by  the 
red  colour  obtained  when  its  solution  is  heated  with  mercuric  nitrate 
and  nitrous  acid,  and  by  the  violet  coloration  on  heating  with 
sulphuric  acid,  neutralising  with  baric  carbonate,  and  adding  ferric 
chloride. 

Tyrosine  dissolves  readily  in  mineral  acids,  forming  saline  com- 
pounds, e.g.  C9H1 1NO3.HCI,  crystallising  in  needles ;  it  also  dissolves 
In  ammonia  solution  and  caustic  alkalies.  With  baryta  water  it 
gives  prisms  of  barium  tyrosine,  C9H9BaN03,2H20.  By  mixing 
tyrosine  solutions  with  argentic  nitrate  two  compounds  (CgHioAgNOj, 
which  is  crystalline,  and  C9HgAg2N03,  a  precipitate)  are  obtained 
according  to  the  concentration  and  quantity  of  the  silver  solution. 
Tyrosine  behaves  similarly  to  the  glycines.  By  fusion  with  potassic 
hydrate  it  yields  ammonia  and  the  potassic  salts  of  paraoxybenzoic 
and  acetic  acids ;  by  the  action  of  chlorine  and  bromine  it  gives 
chloranil  and  bromanil  (§  1005).  From  this  tyrosine  is  probably  a  para 
compound  of  the  formula  NHa.C6H4.C2H3(OH).CO.OH,  or 

HO.CeH4.C2H3(NHa).CO.OH. 
Excess  of  dilute  nitric  add  converts  tyrosine  into  brownish  yellow 
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crystaUaof  nitro-tjTOfiino  nitrate,  C9H|o(NOj)N03»HN03,  from  wlioBe 
naueouB  si^lution  ammonia  precipitates  salphor-yellow  needles  of 
fiUro-fyroftMc,  C9H)o(N03)N03.  On  heating  with  nitric  acid  diniinh 
tynmne^  C9H9(NO^,NO^  is  formed,  crystalLising  in  golden  yellow 
]^t€«;  it  does  not  yield  salts  with  acids.  Ccmcentrated  salphmie 
acid  converts  tyrosine  into  several  tulpkonic  aeidsy  e^. 

C9Hio(SO,.OH)NO„ 

whose  liaric  salts  are  coloured  violet  by  ferric  chloride. 

1069(1.  AUeAyde  Acuh, — But  few  of  these  bodies  are  known  at 
pment  They  are  prepared  by  boiling  the  oxybenaoic  acids  with 
sodic  hydrate,  water,  and  chloroform.  Salicylic  acid  thus  treated 
giTSS  rii»  to  two  aldehydosaiic^ic  acids  : 

CO.OH 
V  OH         (1:2:3)  forms  slender  needles,  wlii<^   can    be 
iCHO 

sublimed ;  itei  solution  is  coloured  red  by  ferric  chloride. 

rco.OH 

fM'cH,^  OH        (1:2:5)  forms  sknder  needles,  melts  «t  249% 
iOHO 
and  can  b«  sublimed*  and  gives  a  dierry-red  colour  with  ferric  ckloridcL 

rco.OH 

y-C^H,^  OH       ,  prepared  from   paraoanr-benaoic  acid,  ciTslal- 
LCHO 

lisw  in  prisma,  melts  at  243'-244%  is  sublimable,  and  gives  a  bcick-ied 
ei^ur  with  ferric  ohloriile. 

AkMyiio-niHUIic   acid,  or   aldehydo-mfiM^'prvioeateekmie    Mid, 

{OO.OH 
^^^      ,    crystallises  in  silky  needles,  meHs  mi, 
OOH* 

23P-222*",  and  givw  a  vic4et  colour  with  ferric  chloride^ 
Opiamic  «^i.  aldfAyJt>^inuik^  prx4ocaifcAuic  and  : 

{OO.OH 
OCH^ 
OHO 

a  dftscrilwd  under  Uie  quum  derivatives  (§  12^). 
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1090.  The  chief  representatives  of  the  cinnamic  group  can  he 
viewed  as  phenyl  derivatives  of  allyl  alcohol,  acrolein,  and  acrylic 
acid,  just  as  the  aromatic  alcohols,  aldehydes,  and  adds  previously 
described  may  be  considered  as  the  phenyl  substitution  products  of 
the  alcohols  CnHjn  +  i*OH,  their  aldehydes,  and  the  fatty  acids.  The 
compounds  in  this  group  all  contain  phenyl  in  combination  with  a 
tricarbon  nucleus,  in  which  two  of  the  carbon  atoms  are  in  divalent 
union. 

Cinnamic  Alcohol, 

1091.  Styryl  cdcolwl,  or  phenyUaUyl  alcohol  : 

CgHioO  =  C6H6.CH:CH.CH2.0H, 

is  obtained  by  distillation  of  its  dnnamate  with  potassic  hydrate,  also 
in  smaller  quantity  by  heating  cinnamic  aldehyde  with  alcoholic 
potassic  hydrate  (comp.  §  1026^.  It  crystallises  in  needles  of  hyacinth- 
like odour,  melts  at  33°,  distils  at  250°,  is  difficultly  soluble  in  water, 
readily  in  alcohol  and  ether.  It  is  converted  into  cinnamic  acid  on 
careful  oxidation,  and  when  treated  with  the  halogen  hydro-adds 
yields  styryl  haloids — e.g.  styryl  chloride,  C9H9CI,  and  styryl  iodide — 
which  unite  with  ammonia  to  styryl  amnionic  chloride,  C9H9NH3CI, 
&c.  On  gentle  heating  of  styryl  alcohol  and  boron  trioxide  styryl 
ether,  (09119)20,  is  obtained  as  an  oily  liquid. 

Styryl  alcohol  unites  directly  with  bromine,  when  the  two  in- 
gredients in  solution  in  chloroform  are  mixed,  forming  cinnamic  alcohol 
dibromide,  or  styryl  dibromide  hydrate,  CgH5.CHBr.CHBr.CH2.OH 
(comp.  §  681),  which  crystallises  from  alcohol  or  ether  in  colourless 
needles  or  tables  melting  at  74°.  By  heating  with  concentrated  hydro- 
bromic  acid  it  is  converted  into  styryl  tribromide : 

C«H5.CHBr.CHBr.CH2Br, 

forming  shining  needles,  melting  at  124°.  This,  on  long  heating  with 
water,  is  converted  into  the  trivalent  alcohol : 

C6H5.CH(OH).CH(OH).CHa(OH), 

stycerine,  or  phenyl  glycerin,  readily  soluble  in  water  and  alcohol  and 
left  on  evaporation  as  a  gummy  mass. 

1092.  Cinnamic  aUlehyde,  C9H8O  =  CeHg.CHiCH.CHO,  forms 
the  chief  constituent  of  the  essential  oil  of  cinnamon  and  cassia ;  it 
is  obtained  by  oxidation  of  cinnamic  alcohol  by  aid  of  platinum  black, 
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and  b  prepared  syntlietically  by  sataration  of  a  mixture  of  benad- 
dehyd«  and  acetic  aldehyde  with  hydrochloric  add  (comp.  §  765)  : 

C^H^.CHO  +  CH3.CHO  =  H,0  +  CeH5.CH:CH.CHO- 

It  R>rms  a  didicaltly  soluble  crystalline  compound  with  hydric  sodie 
sulphite*  and  can  thus  be  readily  s^jarated  from  dnnamie  alooliol 
and  obtained  on  heating  the  purified  crystals  with  soda  solatioii. 

Cinuaniic  aldehyde  is  a  colourless  oil  of  strong  cinnam<Hi  odour, 
heavier  than  water;  on  exposure  to  air  it  absorbs  oxygen  and  is 
slowly  converted  into  cinnamic  acid.  It  boils  at  247*^-248^  with 
slight  decomposition  and  volatiliaes  readilj  in  water  vapour.  It 
reacts  with  dry  ammonia,  yielding  wat»  and  kifdroeinmtfnide  (comp. 

§io;ji): 

3C\H5A\H^CHO  +  3NH3  =  3H,0  +  (C«H,.C,H,.CH :  )^^ 

1083.  iiMMomw  odd,  C»H,0^  =  C«H^CH:CH.CO.OH,  fi-pkem^ 
«Kry/M:  acid^  occurs  naturally  in  babam.s  (storax,  Tolu  ainl  Pern 
balsams)  and  resins  (benjoin)^  and  is  formed  by  the  oxidation  of  its 
alcohols  and  ethen^  and  synthsticaUy  by  the  action  of  sodiom  and 
carbonic  anh\'dride  on  a-brom-styrolene  (|  1042); 

C\Hi.CH  :CHBr  +  CO^  +  Na^  =  NaBr  +  C^H^.CH  :CH.0O.ONa; 

by  heating  bensddehyde  with  chk>r>acetal : 

t\H^.CHO  +  CH5.CO.CI  =  HCl  +  C«H5.CH:CH.CO.OH; 

and  by  heating  benjaldehyde  with  acetic  anhydride  and  sodic  acetate, 
the  rvaction  in  this  ca:«e  not  being  cleariy  und»stood.  It  can  be  pre- 
pared in  larg«s^t  quantity  from  storax.  This  is  first  heated  with  soda 
solution  in  a  distilling  vetssel,  when  styrolene  distils  with  the  wat^* 
vapi^mr.  whibt  the  free  cinnamic  acid  goes  into  solution  as  sodic  salt. 
The  refcddue  containing  styracine  is  then  boiled  with  concentrated 
si4utii>n  of  soiiio  hydrate^  when  styryl  alcohol  passes  over.  The 
filtered  solution  of  sodic  salt  is  then  decomposed  by  hydrochloric  acid, 
the  separated  cimuimic  acid  purified  by  solution  in  ammonia  and  re- 
preci^ut^ition  and  finally  dtstiUed. 

Cinnamic  acid«  like  benxoio  arid,  crystallises  frt>m  boiling  water  in 
neeiiles,  from  alcohol  in  large,  readily  cleavable  rhombic  prisms.  It 
melts  at  133^,  boils  at  290^,  and  is  difficultly  soluble  in  cold  water. 
Its  salts  neeemMe  those  of  benaoic  acid. 

On  gentle  heating  with  dilute  sulphuric  arid  and  potassic  chromate 
or  permanganate  it  is  first  converted  into  benzaldehyde  : 

C\H3.eiI:0H.CO.OH  +  40  =  C^H^.CHO  +  2C0,  +  H^O, 

and  finally  into  benaoic  acid.  It  unites  with  nascent  hydrogen,  form* 
ii^  /i-phenyl-prt>pionic  acid  (§  1074).  and  b  decomposed  on  heating 
with  lime  into  carbonic  anhydride  and  styrolene  (§  1042),  by  fusion 
with  potaasic  hydrate  into  benzoic  and  acetic  acids  (comp.  §  790)  : 

C^Hj.CH :  CH.CO.0K  +  HOK  +  H,0  =  C^H^^.CO.OK 

+  CH3,CO.OK  +  H^ 

lOM.  £iAere«l  mUts  or  cimHamic  add  are  prepared  like  those  of 
other  monobasic  acid&     Ethnic  ciuHamMie^  C^H.O.O.CjU^  is  an  cal 
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boiling  at  267"..  Benzylic  cinnamate,  CgHyO.O.CHa.CgHs,  or  cin- 
nameiny  oocurs  naturally  in  Tolu  and  Peru  balsams ;  it  crystallises  in 
nhining  prisms,  melts  at  39°,  and  can  only  be  distilled  unchanged 
under  reduced  pressure.     Cinnamic  cinnamate. : 

or  styraciney  is  contained  in  large  qu%ntity  in  storaz,  and  is  left  as  a 
colourless  mass  after  long  digestion  with  soda  solution.  It  crystallises 
from  ether  alcohol  in  groups  of  fine  needles  and  melts  at  44". 

Cinnamic  anhydride,  (C6H5.C2H2.CO)20,  is  obtained  in  colourless 
crystals  by  the  action  of  phosphoric  oxychloride  on  sodic  cinnamate ; 
it  melts  at  127°  and  is  nearly  insoluble  in  alcohoL  Phosphoric 
chloride  converts  cinnamic  acid  into  chlor-cinnamiyl  : 

a  heavy  yellow  oil,  boiling  at  260°-262°.  Water  slowly  converts  it  into 
cinnamic  and  hydrochloric  adds ;  with  alcohol  it  gives  ethylic  cin- 
namate, and  ammonia  gas  converts  it  into  cinnamide  : 

a  crystalline  mass  closely  resembling  benzamide. 

Isomers  of  Cinnamic  Acid, 

1095.  Atropic  and  isatropic  acids  are  obtained  together  by  heating 
tropic  acid  with  baryta  or  hydrochloric  acid,  and  are  therefore  also 
formed  in  the  preparation  of  tropic  acid  from  atropine.  Atropic  add 
is  obtained  in  largest  quantity  when  baryta  is  used,  whilst  hydro- 
chloric add  gives  principally  isatropic  acid.  Atropic  acid,  a-phenyl 
acrylic  acid,  crystallises  in  monodinic  tables ;  it  melts  at  106°-107", 
is  moderately  soluble  in  hot  water,  but  requires  700-800  parts  of  cold 
water  for  solution.     Its  formation  is  represented  by  the  equation  : 

It  unites  with  nascent  hydrogen,  forming  a-phenyl-propionic  add 
(§  1074) ;  fusion  with  potassic  hydrate  converts  it  into  phenyl-acetic 
and  formic  adds ;  chromic  acid  oxidises  it  into  benzoic  add,  carbonic 
anhydride,  and  water. 

Isatropic  acid  crystallises  in  thin  rhombic  plates,  is  more  difficultly 
soluble  in  water  thaji  the  preceding,  melts  at  200°,  is  not  oxidised  by 
chromic  acid,  and  does  not  combine  with  nascent  hydrogen.  From 
these  i*eactions  it  is  probably  a  polymer  (diatropic  acid  ?) 

Addition  Products  of  Cinnamic  Acid. 

1096.  Cinnamic  acid  combines  with  hydrogen  (as  already  men- 
tioned), the  halogens,  hydrogen  haloids,  and  hypochlorous  add. 

Cinnamic  acid  dibromide,  a-phenyl-dibrom-propionic  acid  : 

CeHs.CHBr.CHBr.CO.OH, 

is  obtained  by  addition  of  bromine  to  a  solution  of  cinnamic  add  in 
cai'bonic  disulphide ;  it  ciystallises  in  colourless  rhombic  plates  and 
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Is  insoluble  in  cold  water.     On  boiling  with  water  it  yields  parilj 
/?-brom-Btyrolene,  carbonic  anhydride,  and  hydrobromic  acid  : 

CeHfl.OHBr.CHBr.CO.OH  =  C6H5.CBr:CHj  +  CO,  +  HBr, 

partly  hydrobromic  acid  and 

Phmylrbrom-lacticacid,  C6H5.CHBr.CH(OH).CO.OH,  in  the  form 
of  hexagonal  tables  containing  water  of  crystallisation ;  -when  an- 
hydrous it  melts  at  125°. 

PhenylchUyrlactic  acid,  C6H5.CHC1.CH(OH).CO.OH,  is  the  ad- 
dition  product  of  hypochlorous  acid  with  cinnamic  acid,  and  is  most 
readily  obtained  when  a  solution  of  equal  molecules  of  sodic  carbonate 
and  oinnamnte  is  saturated  with  chlorine,  the  solution  of  sodic  salts 
acidulated  with  hydrochloric  acid,  and  after  evaporation  extracted 
with  ether.  The  acid  crystallises  with  one  molecule  of  water  in 
hexagonal  plates,  and  then  melts  at  70°-80°;  when  anhydrous  it 
melts  at  104°. 

Aqueous  solutions  of  both  phenyl  halogen  lactic  acids  are  con- 
verteil  by  sodium  amalgam  into  phenyl  lactic  acid. 

SubatittUion  Products  of  Cinnamic  Acid, 

1097.  Two  varieti^  are  known,  according  as  the  substitution 
occurs  in  the  C^H^  group  or  in  the  benzene  nucleus.  The  first  includes 
both  tlie  isomeric 

PhtnyUbrom-acrylic  adds  : 

CeHj.CH :  CBr.OO.OH  and  CgHj.CBr :  CH.CO.OH. 

They  are  both  formed  at  the  same  time  by  the  decomposition  of 
cinnamic  acid  dibix>mide  with  alcoholic  potassic  hydrate,  and  are 
separated  by  aid  of  their  ammonic  salts.  The  acid  of  the  difficultly 
soluble  salt,  commonly  termed  a-brom-cinnajnic  acid,  crystallises  in 
long  shining  needles,  melts  at  130°-131°,  and  can  be  volatilised  un- 
diangeil,  whilst  the  acid  of  the  more  readily  soluble  salt,  fi-bronu 
cinnamic  acid,  cr}*stallise8  in  hexagonal  plates,  melts  at  120°,  and  is 
converted  into  the  isomeric  a-acid  on  distillation. 

1098.  The  second  variety  of  substitution  products  are  represented 
by  the  nitro-cinnamic  acids,  the  coumaric  acids,  and  their  derivatives. 

Nitnhcinnamic  aciifs,  C6H4(N05|).C2H2.CO.OH,  are  formed  by  the 
slow  addition  of  cinnamic  acid  to  cold  concentrated  nitric  acid, 
which  must  be  free  from  nitrous  acid  in  order  to  prevent  oxidising 
action. 

In  order  to  sejvarate  the  resulting  isomers  they  are  converted 
into  ethylic  salts,  of  which  one,  ethylic  paranitro-cinnamate,  is  nearly 
insoluble  in  alcohol,  whilst  ethylic  orthonitix>-cinnamate  is  readily 
soluble.  By  saponification  of  these  bodies  and  decomposition  of  the 
aqueous  solutions  of  the  alkali  salts  with  mineral  acids  the  insoluble 
free  nitro-cinnamic  acids  are  obtained.  Paranitro-cinnamic  acid 
crystallises  in  fine  needles ;  it  melts  at  265°  and  is  very  difficultly 
soluble  in  alcohol.  Orth<ynitro-€innamic  acid  is  more  readily  soluble 
in  alcohol ;  it  melts  at  232°.  On  oxidation  the  first  is  convert'ed  into 
para,  the  latter  into  ortho-iiitro  benzoic  add. 

Tin  and  hydrochloric  acid  convert  the  nitro-cinnamic  acids  into 
amidihcinfiamie  adds,  G^^(tfY{^.Q^^.QOXyH.. 
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Cinnamic  acid  dissolves  in  Nordhausen  sulphuric  acid,  3rielding 
mdpho-cinnamic  acid,  CeH4(SOa.OH).C2H2.CO.OH,  which  crystal- 
lises in  prisms  with  SHqO.  It  is  readily  soluble  in  water  and  generally 
yields  soluble  salts. 

Hydroxy-Cvnucmdo  Adda, 

1099.  Monhydroxy-cirmamic  adds,  CqH^'^  ^  POOTT* 

1.  Coumaric  acid,  or  orthohydroxy-cinnamic  acid,  occurs,  together 
with  hydro-coumaric  acid,  in  Melilotus  oficinaUs,  and  is  rc^idily  ol>- 
tained  by  boiling  coumarine  with  alkalies.  It  crystallises  in  colourless 
prisms,  I'eadily  soluble  in  alcohol  and  hot  water ;  it  melts  at  195°  aud 
is  decomposed  into  potassic  acetate  and  salicylate  on  heating  with 
potassic  hydrate.  Its  alkali  salts  show  a  fine  fluorescence  in  aqueous 
solution.     Ferric  chloride  gives  no  violet  colour  with  it. 

Coumarine f  CgHgOa,  an  ethereal  anhydride  of  coumaric  acid  : 

O  CO  C  H 

C(jH4  I        or  C6H4V^ 'p^  ^'06114, 

.CH :  CH  .U2±i2.uu.u. 

corresponding  to  lactide  and  salicylide  (§  1062),  occurs  in  AspertUa 
odorata,  Melilotus  officinalis,  Anthoocanthwm  odoratum,  and  especially 
in  tonka  beans,  the  fruit  of  Dipterix  odorata,  in  the  latter  frequently 
in  fine  crystals.  It  is  extracted  by  alcohol,  and  after  evaporation  of 
the  greater  part  of  the  solvent  separated  by  addition  of  water  and 
cooling.  It  crystallises  in  colourless  prisms  of  very  agreeable  odour, 
is  difficultly  soluble  in  cold  water ;  it  melts  at  67**  and  boils  at  290°. 
It  unites  with  chlorine  and  bromine,  forming  dihaloids,  e.g. 

CeHfiBraOa, 
which  on  heating  yield  halogen-substituted  coumarines  : 

^e^^CaHBr!^^' 

or  (by  also  uniting  with  water)  the  respective  coumaric  acids. 

llie  synthesis  of  coumarine  and  its  homologues  ^which  latter  do 
not  occur  naturally)  by  heating  sodium  salicylic  alaehyde  (§  1033) 
with  the  anhydrides  of  the  acetic  series  is  very  interesting.  Acetic 
anhydride  so  treated  gives  coumarine : 

ceH4:gg^+  o:gg:gg3  =.  Na0.c0.cH3  +  c)eH4'^";^^ 

+  HjO. 

Butyric  anhydride  gives  a  body  melting  at  70°-7P  and  boiling 
at  296°,  probably  ethyl  coumarine : 

.0  .  CO 
CiiHioOj  =  CgH4  I 

.CH:CH.CH2.CH3 

Isovaleric  anhydride  gives  a  compound  C13H12O2,  forming  long 
prisms,  melting  at  54°  and  boiling  at  301°,  probably  isopropyl 
coumarine,  <fec. 
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fnwi  lotnMt  of  criC»  Kj  koCIi&g  with  pctiwrif  hjdimie  aiftd 
of  ftnlphorie  add;  it  femwi  jellowiih  priflns  and  pimtes 
iiolfl(/l#!  ta  tfM  wiUer,  OMre  rcadOj  in  hoi  water,  and  is  t9tj  ifiI^Mf>  m 
tkicchfA  arid  eth«r.  Ferric  chkvide  girea  a  gnus-green  eolontioBy 
ehaa^pn^  to  red  on  additico  of  v-jda.  On  d^  disttUatmi  it  jieUi 
fijrrxaU^Cfbin  au/^ipit  other  prodoctA;  fmion  with  pot— ii  hynhaim 
csr/nrertA  it  into  potaMfic  acetate  and  protocatediiiate  : 

C'*Fr;/OFr;,/;lf  :CHXO.OK  4-  HOK  +  H^O  =  H, 

It  ntiiUm  with  naicent  hydrogen,  forming  bydrocaflfeic  add. 

Oaffkl/innic  acul,  a  gloocMide,  accompanies  cafieie  acid  in  r^j^^ 
extract ;  it  can  be  predpitated  from  the  alcoholic  extract  by  i^nmbie 
acwUie^  and  the  reaultimr  predpitate  muspended  in  water  and  deeoa- 
priNerJ  with  M Ipbu retted  Inrdrogen.  The  filtrate  on  eri^xxratioii  yieldB  a 
velU/wiiib  gummy  mana  of  the  acid.  Its  solations  are  ooloored  green 
rjy  ferric  cbl^/ri/le,  and  on  f^oiling  with  potassic  hydrate  split  np  into 
oaff#nc  add  and  an  amorphous  sagar-like  substance.  Its  sdntion  in 
limi^  wat«?r  nvulily  fi\mor\m  oxygen^  becoming  first  a  fine  green,  then 
hUWf  Mu\  finally  l/rown. 

1100,  Tlie  following  Ixxlios  abjo  appear  to  belong  to  the  dnnAmii* 
grr>u|i : 

AriAifutlf  (^o'^i3^»  ^^  contained  in  the  oils  of  anise,  fennel,  star 
Mi\m^  kc.f  and  crystallises  out  when  the  temperature  is  lowered. 
Aftnr  j/reNsing  anil  recrystallisation  from  ether  it  forms  colourless 
shining  iirismsy  mfslting  at  2P  and  boiling  at  232^,  sp.  gr.  1*014. 
It  iinltfM  with  hydrochloric  add,  forming  a  liquid  compound  : 

C,oH,3C10. 

Poifumlc  hydrate  at  200°  decomposes  anethol  into  paraKoybenzoic 
iM?ld  and  anol,  OglfjoO.  Thin  latter  is  a  phenol-like  body,  ciystallising 
in  white  plates,  molting  at  92'5°.  Boiling  dilute  nitric  add  oxidises 
atiHhol  to  anisic  aldonydo  (§  1033);  chromic  and  sulphuric  adds 
oxidiwi  it  to  anisio  add  (§  1065).  In  both  cases  oxalic  and  carbonic 
tu^UU  fini  also  fonno<].  (Joncontratod  sulphuric  acid,  phosphoric  add, 
ritw\o  chloride,  and  iodine  convert  it  into  isomeric  or  polymeric  modi- 
ficatlcHiN. 

From  those  reactions  the  formula  for  anethol  is  probably  : 

C!ra.O.Cen4.08H5  (1:4), 

in  which,  however,  the  couHtitutiou  of  the  C3H5  group  still  remains 
unocn'tain. 
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1101.  Eugenol,  O10H12O2,  isomeric  with  cumic  acid,  is  contained 
in  the  ethereal  oils  of  Eugenia  caryophyllata,  Myrtus  pimerUay  Peraea 
caryophylUUa,  and  CaneUa  alba,  from  which  it  can  be  extracted  by 
shaking  with  potassic  hydrate  and  obtained  in  a  state  of  purity  by 
precipitating  the  clear  solution  with  carbonic  anhydride.  It  is  a 
colourless  oil  of  aromatic  odour ;  it  boils  at  253°  and  has  sp.  gr.  1*068 
at  14°.  The  potassic  compound  has  the  formula  CioHnK02;  the 
baric  compound,  (C|oHii02)2Ba,  forms  difficultly  soluble  nacreous 
plates.  Treated  with  chlor-acetyl  and  chlor-benzoyl  it  gives  acetyl 
and  benzoyl  derivatives.  Benzoyl  eugenolf  C10H11O2.C7HSO,  forms 
colourless  needles  melting  at  50°.  Hydriodic  acid  decomposes  eu- 
genol  into  methylic  iodide  and  a  red  resin,  C9H10O2 : 

Fusion  with  potassic  hydrate  converts  it  into  protocatechuic  acid, 
acetic  acid,  carbonic  anhydride,  and  hydrogen.  Fi'om  these  reactions 
the  formula 

may  be  assigned  to  eugenol. 

By  the  action  of  sodium  and  carbonic  anhydride  eugenol  is  con- 
verted into  the  sodic  salt  of  eugetinic  acid : 

CfiHa  I  O.CH3  +  Naj  +  COj  =  C6H2<  ^'^^^    +  H, 

from  whose  solution  eugetinic  acid  is  precipitated  by  hydrochloric 
acid.  It  forms  colourless  prisms,  melts  at  124°,  and  is  difficultly 
solul^e  in  water.  At  higher  temperatures  it  again  decomposes  into 
carbonic  anhydride  and  eugenol ;  with  ferric  chloride  it  gives  a  deep 
blue  coloration. 

1102.  Umbelli/erone,     CgHgOa  =  C6H3(OH)'q"7J^q,     occurs 

amongst  the  products  of  the  dry  distillation  of  galbanum  and  the 
resins  from  other  umbelliferae ;  it  crystallises  in  rhombic  prisms,  melts 
at  240°,  and  dissolves  with  difficulty  in  water,  the  solution  having  a 
blue  fluorescence.  Treated  with  chlor-acetyl  it  gives  a  nuyruicetate, 
€9115(021130)03 ;  with  sodium  amalgam  and  water,  the  sodic  salt  of 
umbellic  acid  (§  1088). 

1103.  ffotnologties  of  Cinnamic  Acid, — These  bodies  are  all  pre- 
pared by  heating  benzaldehyde  or  cumic  aldehyde  with  an  anhydride 
of  an  acid  of  the  acetic  series,  the  sodic  salt  of  the  same  acid  being 
present.     The  acids  so  far  obtained  are  given  below. 

Phenyl  crotonic  acid,  CioH,o02  =  CgH5.C3H4.CO.OH,  m.p.  78°. 

laophenyl  crotonic  a^nd,  C10H10O2,  m.p.  83°-84°. 

Phenyl  angelic  acid,  C11H12O2  =  C6H5.C4H6.CO.OH,  m.p.  105°- 
106°. 

Cumenyl  acrylic  acid,  Ci2H,402  =  C6H4(C3H7).C2H2.CO.OH, 
m.p.  157°-158°. 

Cumenyl  crotonic  acid,  Ci3Hi602  ^C6H4(C3H7).C3H4.CO.OH, 
m.p.  90°-91°. 

Cutnenyl  angelic  acid,  C14H18O3  =  CeH4(C3H7).C4H5.CO.OH, 
m.p.  123°. 
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1101  Ffa»Tl  pvQfwcilk  M^id  fteDdi  in  the  mine  raintiam  to  phi^ 
pfopionk  Mwl  cfwrtrmir  addbi  m  tbeaddbi  of  tlie  CaH^..^, 
(f  «M;  to  the  fiittj  Jicidbi  C.H2.O2  and  the  nemlicn  <€  tlie 
neid  iiericiu 

It  M  ptepercd  irnthetkaDj  by  the  aetaon  of  Medium  nad 
Mibjrdride  on  /^hronHrtjrolene : 

CVH^CBr  ;CH,  +  N*^  +  CX),  =  C^H^.C ;  C.CO.ONa  +  KmBr  +  H^ 

«nd  fj^r  the  dirvct  onion  of  Aodiam  phenjl  aoetjiene  (§  1042)  with 
euixnic  anhydride : 

C^H^C :  CXa  4-  00,  =  C^^H^C  i  C.CX).ONa. 

It  ia  further  obtained  bj  heating  a-brom-cinnamic  acid  witli  nlrohoKr 
potaane  hydrate : 

C  jr^OjHBr.CO.OK  +  KOH  =  KBr  +  H,0 
+  C,H^CiC.CO.OK. 

It  cryatalliaeM  in  ooloorleM,  volatile  needles,  melts  between  136' 
and  1 37',  and  in  readily  lolable  in  alcohol,  ether,  and  hot  water. 
Heated  with  water  at  120^  it  i^litg  up  into  carbonic  nohjrdride  and 
phenyl  acetylene : 

0|.Hs.O ;  C.OO.OH  =  00,  +  O^Hj-O  i  OH. 

It  unites  directly  with  four  atoms  of  bromine,  forming 

OeH4X'Br,.OBra.OO.OH, 

and  with  four  atoms  of  nascent  hydrogen  yielding  i^ienyl  pctipionie 
add.     Ohromic  acid  oxidises  it  to  benzoic  acid. 
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1105.  The  polybasic  aromatic  acids  contain  several  acid  groups, 
CO.OH,  united  to  the  henzene  nucleus,  either  directly  or  by  means  of 
a  hydrocarbon  group.  Their  general  properties,  i*eactions,  and  methods 
of  preparation  correspond  to  those  of  tiie  monobasic  acids,  but  they 
unite  more  readily  with  nascent  hydrogen  with  formation  of  additive 
products. 

Dibasic  Acids. 

Fhenylene  Dicarhomc  Adds,  C8H6O4  =  C6H4(CO.OH)2. 

1106.  The  three  isomeric  phenylene  dicarbonic  acids  have  already 
been  referred  to  (§  954)  in  reference  to  the  aid  afforded  by  them  in 
determining  the  constitution  of  the  isomeric  disubstituted  benzene 
derivatives.  Their  calcic  salts  all  yield  benzene  when  submitted  to 
dry  distillation  with  lime. 

1107.  Fh^udic  acid,  or  orthophenylene  dicarbonic  acid,  (1 :2),  is 
formed  by  the  oxidation  of  anthracene  and  many  of  its  derivatives, 
also  from  several  bodies  derived  from  anthracene — such  as  alizarine 
and  purpurine — by  oxidation  with  nitric  acid,  or  manganic  dioxide  and 
sulphuric  acid,  and  in  small  quantities  by  the  action  of  the  latter  on 
benzene  or  benzoic  acid.  It  crystallises  in  shining  colourless  tables  or 
prisms,  is  readily  soluble  in  hot  water,  alcohol,  and  ether,  melts  at 
182°,  and  at  higher  temperatures  decomposes  into  water  and  phthalic 
anhydride,  which  volatilise.  On  heating  with  hydriodic  acid  it  yields 
carl>onic  anhydride  and  benzoic  acid  : 

C6H4(CO.OH)2  =  COj  +  CeH5.CO.OH. 

Benzoic   acid  is  also  obtained  on   heating  two   molecules  of  calcic 

phthalate  with  one  molecule  of  lime  at  330*^-350°.     Phthalic  acid 

forms  hydric  and  normal  salts;  they  are  crystalline  and,  with  the 

exception  of  the  alkali  salts,  difficultly  soluble  in  water.    The  baric 

salt,  C6H4(CO.O)2Ba,  crystallises  in  plates.    Dimethylic  and  diethylic 

phthalates  are  obtained  by  saturation  of  solutions  of  the  acid  in  the 

respective  alcohols,  are  both   colourless  oily  liquids  which  can  be 

distilled. 

CO 
Phthalic  anhydride,  CgH^Oa  =  C6H4*pq'0,  is  formed  directly  by 

subliming  phthalic  acid,  and  also  by  treating  phthalic  acid  with  one 
molecule  of  phosphoric  chloride  (comp.  §  835).  It  crystallises  in  long 
shining  needles,  melts  ati27''-128'',  and  boils  at  277"".  It  dissolves 
unaltered  in  alcohol  and  ether ;  in  boiling  water  it  is  slowly  converted 
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into  phthalic  acid.  By  action  of  two  molecules  of  pfaoBphorie  Alflwfc 
on  phthalic  acid 

Phihalyl  chloride,  C^UfiJ^^  =  CeH4(CO.Cl)2,  is  obtained  »t 
yollow  oil,  boiling  at  270''.  On  treatment  with  water  it  is  tHamij  tat- 
vortod  into  hydrochloric  and  phthalic  acids;  with  aloc^ols  jtykiMi 
ethereal  phthalatefl,  and  with  phenol  it  gives  phenyl  phtJuMlaie  : 

CeH4(C0.0.CeH,)„ 

forming  prixmii  melting  at  61^  and  difficultly  soluble  in  oold  slgohoL 
r*h lor  phthalic  acids  are  obtained  by  the  oxidation  <^  c^or-miik- 
thnlemts  with  dilute  nitric  acid.     Dicfdor-phihaUe  tteid  : 

CelljCl^CO.OH),, 

pre|>ared  from  di(;hlor-naphthalene  tetrachloride,  forms  3reIlow  pnsm^ 
meltMat  1H3''-185%  and  is  moderately  soluble  in  water.  TeiraMor- 
phthfdio  acid,  C^Cl4^CO.OH)),  obtained  by  oxidation  of  pentacfalor- 
naphthalono,  cryntallises  in  leaves  and  tables,  and  melts  at  2JK)*. 
On  heating  these  acids  decompose  into  water  and  chl<n>anb7drideB^ 
in  the  latter  cane  even  on  fusing. 

(Jn  hcMiting  phthalic  acid  with  nitro-snlphnric  acid,  niira-phikaUe 
acid,  (J„II,(N03)(CO.OH)2,  is  obtained  in  the  form  of  ydlow  prisms, 
melting  at  212®  and  moderately  soluble  in  water;  on  treatment  with 
tin  and  hydix)chl<)ric  acid,  carbonic  anhydride  is  eliminated  and  met- 
anii(lo-l>en7X)io  acid  formed. 

1108.  IfydrophtJialic  Acids, — Dihydrophthalic  acid  : 

OgHsO^  =  CeHe(OO.OH)„ 

is  formed  >)y  the  long-continued  action  of  sodium  amalgam  on  a  oold 
solution  of  hcmHo  phthalate,  and  is  separated  on  addition  of  hydrochlmic 
acid.  It  crystallises  in  plates  and  tables,  is  difficultly  soluble  in  oold 
water  and  ether,  readily  in  boiling  water  and  alcohol.  It  fuses  at 
200"  with  decomposition  into  hydrogen,  water,  and  phthalic  anhy- 
dride. Its  easy  convertibility  into  benzoic  acid  and  its  derivatiTes 
is  peculiar  to  it.  This  occurs  on  addition  of  bromine  to  an  aqueous 
solution  : 

(;fllIfi(0O.0H)a  +  Br,  =  Q^Ti^.QO.OYi  +  COj  +  2HBr, 

or  on  oxidation  with  dilute  nitric  acid.  Phosphoric  chloride  oonyerts 
it  into  chlor-benzoyl  and  carbon  monoxide : 

CfilIfl(C0.01I)2  +  2PCI5  =  CsHfi.CO.Cl  +  CO  +  2POCI3  +  3Ha. 

On  saturating  alcoholic  solutions  of  the  acid  with  hydrochloric  acid 
the  corresponding  ethorenl  benzoates  are  foimed. 

Tetrahydrophthalic  acid,  C8H,o04  ■=  C6H8(CO.OH)2,  is  obtained 
by  dry  distillation  of  isohydropyromellitic  acid,  first  as  the  anhydride, 
OeH|(CO)aO,  crystallising  in  plates  and  melting  at  86^  which  on 
treatment  with  water  is  converted  into  the  acid.  This  crystallises  in 
plates,  melts  at  96^,  but  already  at  this  temperature  decompoeefi  into 
water  and  the  anhydride.  HexahydrophthaMc  acid,  C6H,o(CO.OH)2, 
is  obtained  from  both  the  preceding  by  heating  at  230°  with  oon- 
centrated  hydriodic  acid,  and  also  from  tetmhydrophthalic  add  by 
treatment  with  sodium  amalgam.  It  melts  at  207°,  is  difficultly 
soluble  in  water,  and  crystallises  in  plates  or  prisms. 
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1109.  IsophihaUc  acid,  or  metaphenyhne  dicarhonic  acid,  (1 :3)y 
is  obtained  by  oxidation  of  metaxylene  and  metatoluic  acid  with 
chi'omic  and  Rulphuric  acids^  by  fusion  of  potasaic  metasulpho-benzoate 
with  potassic  formate,  and  finally  as  ethylic  salt  by  the  action  of 
ethylic  chloro-carbonate  and  sodium  on  that  dibrom-benzene  which 
yields  three  isomeric  tri-derivatives  on  further  substitution,  and  which 
must  therefore  have  the  bromine  atoms  in  the  meta  position  : 

CeH^Brj  +  2Cl.CO.C2H5  +  SNaj  =  2NaBr 
+  2NaCl  +  C6H4(C0.0.02H5)2. 

It  crystallises  in  hair-like  prisms,  difficultly  soluble  even  in  boiling 
water ;  it  melts  above  300**  and  sublimes.  Its  salts  are  in  part  more 
readily  soluble  than  those  of  phthalic  acid,  e.g.  baric  iaophthalaie, 
C6H4(CO.O)2Ba,3HaO. 

Phosphoric  pentachloride  converts  it  into  Uophthalic  chloride, 
C6H4(C0C1)2,  a  fibro-crystalline  mass,  melting  at  41°  and  boiling  at 
276°,  which  reacts  on  phenol,  forming  phenyl  iaophihobUUe : 

CeH4(CO.O.C6H5)2, 

in  form  of  needles,  melting  at  120°  and  dissolving  with  difficulty  in 
hot  alcohol. 

Methylic  isopkthalate,  CsH4(CO.O.CH3)2)  is  also  crystalline,  and 
melts  at  65°.  Ethylic  isophthalate,  C6H4(CO.O.C2Hft)2,  is  an  oil  which 
solidifies  at  0°  and  boils  at  285°. 

Concentrated  nitric  acid  converts  isophthalic  acid  into  nik^o- 
isophthalic  acid,  C(}H3(N02)(CO.OH)2,  forming  thin  plates,  melting 
at  248°-249°,  and  reduced  by  tin  and  hydrochloric  acid  to  amido- 
isopht/uilic  acid,  C6H3(NHj)(CO.OH)2,  crystallising  in  difficultly 
soluble  plates,  melting  at  300°. 

1110.  Terephihalic  acid,  or  paraphenylcrie  dicarhonic  add,  is 
formed  from  paradialkyl  benzenes,  paratoluic  acid,  cnminol,  cumic 
acid,  <kc.,  by  oxidation  with  chromic  and  sulphuric  acids;  it  can  be 
obtained  from  that  dibrom-benzene  which  only  yields  a  single  tri- 
derivative  on  further  substitution  (and  in  which  therefore  the  bromine 
atoms  must  be  in  the  para  position)  by  treatment  with  sodium  and 
methylic  iodide,  when  paraxylene  is  obtained,  which  on  oxidation 
yields  terephthalic  acid.  Terephthalic  acid  can  also  be  obtained  from 
potassic  benzene-paradisulphonate.  This  on  dry  distillation  with 
potassic  cyanide  gives  paraphenylene  dicyanids,  C6H4(CN)2,  and 
this  on  saponification  yields  a  salt  of  terephthalic  acid.  It  forms  a 
white  crystalline  powder,  nearly  insoluble  in  water,  alcohol,  and  ether, 
and  sublimes  without  previous  fusion  above  300°.  The  baric  salt, 
CfiH4(CO.O)3Ba,4H20,  is  very  difficultly  soluble.  The  imthylic  and 
etJhylic  salts  both  crystallise  in  prisms;  the  first  melts  at  144°,  the 
latter  at  44°. 

Terephthalyl  chloride,  CeH4(CO.Cl)2,  prepared  by  aid  of  phos- 
phoric chloride,  melts  at  78°.  Phenylic  terepMhdUUe  melts  at  191°, 
and  crystallises  in  needles  very  difficultly  soluble  in  boiling  water. 
NitTo-terephthalic  acid,  C5H3(N02)(CO.OH)2,  obtained  by  boiling  te- 
rephthalic acid  with  concentrated  nitric  acid,  is  moderately  soluble  in 
water,  crystallises  in  cauliflower-like  masses,  and  melts  at  259°. 

A  fter  long  treatment  of  an  alkaline  terephthalic  acid  solution  ^ith 
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sodium  amalgam  addition  of  hydrochloric  acid  precipitates  a  white 
powder,  consisting  of  dihydro-terephthalic  acid,  C6H6(CO.OH)2. 

Ilomologues  of  Phenylene  Dicarbonie  Adds. 
Acids  of  the  Formula  C9Hg04. 

1111.  1.  Uvitic  acid  : 

CeH3(CH3)(CO.OH)2     [CO.OH :  CH3 :  CO.OH  =1:3:5], 

was  first  obtained  by .  boiling  pyroracemic  acid  with  excess  of  baryta 
\irater  * 

3C3H4O2  +  Ba(OH),  =  CyHfiBaO^  -h  4H2O, 

and  later  by  oxidation  of  mesitylene  (§  1024,  1)  with  dilute  nitric 
acid,  mesitylenic  acid  being  also  formed.  It  dissolves  with  difficulty 
in  hot  water,  more  readily  in  alcohol  and  ether,  and  crystallises  in  fine 
needles  melting  at  287"".  On  heating  with  lime  at  350°  it  yields 
calcic  carbonate  and  metatoluate  (§  1073,  2);  at  higher  tempei*atures 
it  gives  toluene. 

2.  Xylidic  acid : 

C6H3(CH3)(CdOH)2   [CO.OH :  CH3 :  CO.OH  =  1:3:4], 

is  obtained  by  oxidation  of  pseudo-cumene  (§  1024,  2),  xylic  acid,  and 
paraxylic  acid  (§  1076)  with  dilute  nitric  acid.  It  forms  colourless 
crystals,  melts  at  280°-283°,  and  is  difficultly  soluble  in  cold  water. 

3.  laoxylidic  acid  is  also  a  benzene  methyl  dicarbonie  acid,  and  is 
prepared  by  fusing  potassic  toluene  disulphonate  with  sodic  formate : 

CeH3(CH3)(S02.0K)2  +  2H.C0.0K  =  2SO3K2 
+  CeH3(CH3)(CO.OH)2. 

It  resembles  xylidic  acid  very  closely,  but  melts  at  310°-315°. 

4.  Isouvitic  acid  is  formed  from  gamboge  by  fusion  with  potasaic 
hydrate,  phloro-glucine,  pyrotartaric  acid,  and  acetic  acid  being  formed 
at  the  same  time.  It  crystallises  in  shoi't  rhombic  prisms,  melts  at 
160°,  and  is  readily  soluble  in  boiling  water. 

Acids  of  the  Formula  CiqUiqO^, 

1112.  1.  Cumidic  acid,  C6H2(CH3)2(CO.OH)2,  is  obtained  by 
long-continued  boiling  of  durene  (§  1025)  or  durylic  acid  with  dilute 
nitric  acid.  It  crystallises  from  boiling  alcohol  in  long  shining 
prisms,  is  nearly  insoluble  in  boiling  water,  and  sublimes  in  tables 
without  previous  fusion. 

2.  Paraphenylene  dicuxtic  acid,  CeH4(CH2.CO.OH)2.  Tollylene 
dibromide  (§  1041),  when  heated  with  alcoholic  solution  of  potassic 
cyanide,  yields  toUt/lene  dicyanide,  C6H4(CH2.CN)2,  melting  Wtwecn 
88°-90°.  This  is  then  heated  with  alcoholic  potassic  hydrate  as  long  ns 
ammonia  is  evolved,  and  acid  added  to  the  aqueous  solution  of  the 
potassic  salt  formed.  The  free  acid  so  obtained  forms  indistinct 
ci'ystals ;   it  is  nearly  insoluble  in  water  and  melts  at  236°. 

1112a.  Phenol  dicarbonie  acid,  CgH^O.^  =  C6H3(OH)(CO.OH)2, 
is  prepared  by  heating  basic  sodic  salicylate  at  360°-380°  in  carbonic 
anhydride.  The  free  acid  crystallises  in  needles,  melts  at  above  270°, 
and  can  be  sublimed  with  partial  decomposition. 
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Oxyi»ouvitic  acid,  Q^njd^  =  C6H2(OH)(O.CH3)(CO.OH)2,  is  ob- 
tained  as  its  ethjlic  salt  by  the  action  of  ethylic  aceto-acetate  upon 
chloroform.     The  free  acid  crystallises  in  needles. 

Hemipinic  acid,  CioHjoOg  =  C6H2(O.CH3)2(CO.OH)2,  will  be 
noticed  in  connection  with  tJie  opium  alkaloids  (§  1265). 

Tribasic  Acids,  Q^HJd^  =  OgH3(CO.OH)3. 

1113.  Only  one  of  the  three  isomeric  acids  of  this  formula 
(trimesic  add)  can  be  obtained  by  the  oxidation  of  a  trimethyl 
benzene. 

1.  Trimesic  (zcid,  (1:3:5),  is  obtained  by  the  oxidation  of  mesity- 
lene,  mesitylenic  acid,  and  uvitic  acid  by  chromic  and  sulphuric  acids, 
from  mellitic  add  by  heating  with  glycerine  in  an  oil  bath  until  the 
whole  mass  has  become  solid  : 

C6(C0.0H)fc  =  3OO2  +  C6H3(CO.OH)8, 

and  together  with  the  tetrabasic  prehnitic  and  mellophanic  acids  from 
the  isomeric  hexahydromellitio  adds  by  heating  with  sulphunc  acid. 
It  crystalliBes  in  prisms,  melts  at  above  300°,  can  be  sublimed,  is 
difficultly  soluble  in  cold  water,  and  gives  benzene  on  distillation  with 
excess  of  lime. 

2.  Trimellitic  acidf  (1:2:4).  Hydropyromellitic  acid,  on  heating 
with  concentrated  sulphuric  acid,  yields  isophthalic  and  trimellitic 
acids,  which  can  be  separated  by  aid  of  the  different  solubility  of  their 
baric  salts  (that  of  trimellitic  add,  (C9H30e)2Ba3,3H20,  being  very 
difficultly  soluble).  Trimellitic  add  crystallises  in  warty  masses,  is 
moderately  soluble  in  water  and  ether,  melts  at  216°,  and  on  long 
heating  at  this  temperature  is  converted  into  water  and  anhydro- 

trimeUitic  add,  OgH3(  p^'O  J.CO.OH.      It  also  occurs  amongst  the 

products  of  the  oxidation  of  colophony  by  nitric  add. 

3.  IlemimeUitic  Acid. — On  heating  with  sulphuric  acid,  hydro- 
mellophanic  acid  yields  phthalic  anhydride  and  hemimellitic  acid.  It 
crystallises  in  colourless  needles,  is  difficultly  soluble  in  water,  melts 
at  185°,  and  then  decomposes  into  phthalic  anhydride,  benzoic  add,  and 
carbonic  anhvdnde 

1113«.  Phenol  tricarhonic  acid,  CgHfiOy  =  CeH2(OH)(CO.OH)3, 
is  obtained,  together  with  phenol  dicarbonic  add,  by  the  action  of 
carbonic  anhydride  on  basic  sodic  salicylate.  It  crystallises  in  thick 
prisms  containing  one  molecule  of  water  of  crystallisation ;  it  decom- 
poses at  180°. 

Tetrabasic  Acids,  CjoHgOgss  CgH2(CO.OH)4. 

1114.  All  three  possible  benzene  tetracarbonic  adds  are  known, 
and  are  all  derived  from  mellitic  acid. 

1.  PyromeUiiic  acid,  H  :  2  : 4  : 5  or  1  : 2  : 5  : 6).  Pyromellitic  an- 
hydride is  the  chief  proauct  of  the  dry  distillation  of  mellitic  acid, 
and  is  obtained  most  abundantly  when  sodic  mellitate  is  distilled  with 
1^  time  its  weight  of  sulphuric  acid.  On  recrystallising  from  water 
the  add  is  obtained  in  colourless  prisms  of  the  formula 

C6H2(CO.OH)4,2H,0, 
u  u 
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It  dissolves  to  a  large  extoit  in  hot  water  and  alcohol.  When  an- 
hydrous  it  melts  at  240**  and  decomposes  again  into  water  and  pyio- 

/So 

mellitic  anhydride,  CgH,  <  ^'    .    This  kttw  melts  at  286^  and  on 

distillation  solidifiee  to  a  mass  of  large  crystals.  Phosphoric  chloride 
oonrerts  pyromellitio  acid  into  the  anhydrochloride : 

^•^>  1  (COCl), 

and  the  chloride,  C4H2(C0C1)4,  hoth  crystalline  compoiindB.  Ethylie 
pyromelliUte,  C,Hj(CO.O.C,H5)4,  is  obtained  by  heating  aiventic 
pyromellitHte  with  ethylic  iodide  at  100°,  crystallises  from  alcohol  in 
short,  flat  needles,  melting  at  53**. 

By  the  action  of  sodium  amalgam,  continued  for  several  weeks,  on 
pyromellitic  acid,  two  isomeric  tetrahtfdnypyr&meUUic  acids  : 

CioH,oOg  =  C,He(CO.OH)4, 

are  obtained — hydro-pynymeUUic  acid,  which  is  amorphous,  and  imh 
h^nhp^romeUiiic  ctcid — crystallising  with  two  molecules  of  water  in 
grouped  needles.  It  loses  its  water  of  crystallisation  at  120^  and 
melts  above  200°  with  decomposition  into  carbonic  anhydride,  water, 
and  tetrahydro-phthalic  anhydride.  On  heating  with  oonoentzated 
sulphuric  add  it  is  in  part  converted  into  pyromellitic  anhydride : 

CeH,(CO,OH),  +  2H^4  =  2S0,  +  6H,0  +  CeH,  |  (ggj«g 

and  partly  into  carbonic  anhydride,  trimeUitic  add,  and  isophthalic 
add. 

On  heating  hydromellitic  add  with  fiye  times  its  weight  of  con- 
centrated sulphuric  add  in  a  retort,  until  one-half  of  the  sulphuric 
add  has  distilled,  the  hydromellitic  acid  is  decomposed,  with  evolution 
of  carbonic  and  sulphurous  anhydrides  and  water,  into  trimesic  acid, 
prehnomalic  add,  and  both  the  tetrabasic  adds,  prehnitie  and  melkh 
pKanie  acids^  both  of  which  are  readily  soluble  in  water,  and  may  be 
separated  in  the  form  of  their  baric  salts,  of  which  that  of  prehnitie 
add  is  difficultly  soluble. 

2.  Prehnitie  <tcid,  (1:2:3  :5),  crystallises  in  large  {nrisms  united 
in  groups,  of  the  formula  CioH50g,2HsO.  When  anhydrous  it  melts 
at  240°  and  decomposes  into  water  and  anhydro-prehnitic  acid : 

^«^>  \  (CO.OH), 

By  long-continued  action  of  sodium  amalgam  on  its  aqueous  solution 
{irehnitic  add  is  converted  into  hydroprehnitic  acid,  C5H5(CO.OH)4  ; 
on  heating  with  strong  sulphuric  add  this  decomposes  into  prehnitie 
acid,  carbonic  anhydride,  and  isophthalic  add. 

3.  MeUophanic  add  forms  anhydrous  crystalline  crusts,  mella 
between  215°  and  238°,  and  yields  a  hydro-add  on  treatment  with 
nascent  hydrogen. 
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Hexabasic  Aced,  Ci2H60i3  =  C6(CO.OH)6. 

1116.  MeUUie  cusid  occurs  as  aluminic  salt  in  mdlite  or  honey- 
»t<yMy  a  rare  mineral  crystallising  in  yellow  quadratic  pyramids  -and 
occurring  in  lignite.  On  boiling  mellite  with  ammonic  carbonate 
alumina  separateB,  and  on  evaporation  the  solution  yields  large 
rhombic  prisms  of  ammonic  meUitaie^  Ce(CO.O.NH4)g,9H20,  which 
by  precipitation  with  baric  chloride  are  converted  into  the  difficultly 
soluble  crystalline  baric  salt  C6[(GO.O)2Ba]3,3H20.  By  decomposi- 
tion of  this  latter  with  the  requisite  quantity  of  sulphuric  add 
mellitic  acid  is  obtained  in  the  free  state. 

It  crystallises  in  fine  silky  needles,  readily  soluble  in  water  and 
alcohol.     On  heating  alone  it  yields  pyromellitic  anhydride  : 

Ce(C0.0H)6  =  2CO2  +  2H2O  +  C6H2[(CO)20]2. 

Heated  with  glycerine  it  gives  trimesic  add  : 

Ce(C0.0H)6  =  3CO2  +  C6H3(CO.OH)3 ; 

and  distilled  with  excess  of  lime  it  yields  benzene : 

C6(CO.OH)6  +  6CaO  =  CCaCOa  +  CgHg. 

Nitric  add,  hydriodic  acid,  and  bramine  do  not  alter  it  even  at 
high  temperatures. 

It  has  been  prepared  artificially  by  the  oxidation  of  pure  wood 
charcoal  with  an  alkaline  solution  of  potassic  permanganate. 

Ammonic  mellitate  decomposes  at  160°  into  ammonia  water, 
ammonic  euchroate,  and  meUimide. 

Ammonic  euchroaie  is  formed  according  to  the  equation  : 

C6(CO.O.NH4)e  =  2NH3  +  4H2O  +  Cfii  (cO.^^V' 

I  (CO.O.NH^), 

On  acidulating  its  aqueous  solution  euchroic  addy  012^211403, 
separates  in  short  colourless  prisms,  difficultly  soluble  in  cold  water. 
The  aqueous  solution,  on  treatment  with  nascent  hydrogen,  gives  an 
insoluble  deep  blue  precipitate,  euchronej  which  again  oxidises  to 
euchroic  add  on  exposure  to  air. 

MeUimide,  or  param^ide,  is  formed  according  to  the  equation : 

Ce(CO,O.NH4)6  =  3NH3  -h  6H2O  +  C6[^g  NHJj 

It  is  a  white  amorphous  mass,  insoluble  in  water  and  alcohol ;  on 
heating  with  water  at  200°  it  is  converted  into  acid  ammonic 
mellitate. 

Long-continued  action  of  sodium  amalgam  on  aqueous  ammonic 
mellitate  converts  it  into  sodic  hydromellitate.  The  solution  gives  with 
plumbic  acetate  a  precipitate  of  plumbic  mellitate,  which  on  decom- 
position with  sulphuretted  hydrogen  yields  hydromeUitic  acid  : 

CeHe(CO.OH)e. 

It  remains  on  evaporation  as  an  indistinctly  crjrBtalline  mass.  On 
keeping,  or  rapidly  on  heating  at  180°,  it  is  converted  into  the  isomeric 

VV2 
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isohydromeUiiie  acid,  forming  hard  tetragonal  prisms,  soluble  in 
water,  but  insoluble  in  hydrochloric  acid.  Both  hydromellitic  adds, 
on  heating  with  sulphuric  acid,  yield  trimesic,  prehnitiCy  and  mello- 
phanic  acids. 

ConatiiftHan  of  the  Tri-  cmd  Tetrorhasic  Acids, 

1116.  According  to  the  benzene  theory  at  present  accepted  the 
acids  CeH3(CO.OH)3  and  CeHjrCO.OH)^  can  each  exist  in  thiee 
isomeric  modifications,  all  of  which  are  known. 

In  determining  their  constitution  the  formation  of  trimesic  acid 
from  medtylene  le»ds  to  the  formula : 

CO.OH 

/\ 

(1)  I 

co.ohI     JcO.OH 

leaving  for  the  other  two  isomers  the  expressions : 

CO.OH  CO.OH 

/NCO.OH         .„v        /N)O.OH 


(2) 


(3) 


\/ 


too.OH 


\ 


(5o. 


OH 


of  which  the  (2)  =1:2:3  probably  belongs  to  hemimellitic  acid,  as  it 
decomposes  into  carbonic  anhydride,  water,  and  phthalic  anhydride  on 
heating,  leaving  (3)  =  1 : 2 : 4  for  trimellitic  acid,  which  on  heating 
yields  only  water  and  anhydromellitic  acid. 

With  regard  to  the  three  tetrabasic  acids  the  most  important 
evidence  is  given  by  the  formation  of  their  anhydrides.  As  in  the 
case  of  the  dibasic  acids,  only  the  ortho  compound,  phthalic  acid, 
gives  such  a  body,  it  is  probable  that  anhydride  formation  depends  on 
the  neighbouring  position  of  the  CO.OH  groups.  Two  of  the  tetra- 
basic adds,  namely 

OO.OH  CO.OH 

/NCO.OH        ,«x         /^  CO.OH 


(1) 


CO.OHI      J 
CO.OH 


(2) 


CO.OH 


CO.OH 


could  yield,  like  pyromellitic  acid,  a  doable  anhydride.    The  third 
possible  isomer : 

CO.OH 

/"^CO.OH 


CO.O 


<J 


CO.OH 


on  the  contrary,  would  only  yield  anhydro-acids,  thus  agreeing  with 
prehnitic  acid.  The  formula  (1)  or  (2)  cannot  as  yet  be  decidedly 
assigned  to  pyromellitic  and  mcllophanic  acids  respectively,  but  the 
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symmetrical  expreesion  (1)  probably  corresponds  to  pyromellitic  add, 
as  that  is  obtained  directly  from  mellitic  acid. 

The  constitution  of  mellitic  acid  admits  of  no  doubt ;  the  formation 
of  two  isomeric  hexahydromellitic  acids  only  necessitates  the  view 

that  the  hydromellitic  add  first  formed,  (oiJq  q^)  „  during  its  con- 

version  into  the  iso-add  exchanges  hydrogen  atoms  and  GO.OH 
groups  in  such  a  way  that  some  of  the  carbon  atoms  of  the  benzene 
ring  are  in  union  with  two  CO.OH  groupSi  and  as  many  others  united 
to  two  hydrogen  atoms. 
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III7.  Then?  are  atill  some  groape  of  compofrnds  to  be  described  in 
aAkiitiou  to  the  simple  beiuene  deriratiTes  already  mentioned^  which 
€^!«;eiitiallv  $t;ftiul  in  genetic  relatioin  to  the  latter,  Le.  which  are  de- 
riveil  tT\>m  a  olct^ed  mu:  of  six  carbon  atom&  The  constitatioo  of 
thetiie  Kxliet^  ha£>  howerer,  as  yet  not  been  made  ont  with  soffident 
cleani«ss<^ 

II18w  The  hydrocarbons  of  the  fi^rmola  Ci^Hic*  to  which  the 
genenil  name  v^f  terpenec$  ha:»  been  applied,  occur  either  readj-formed 
in  the  t^^iiiseutial  oils  of  plants  or  are  derived  from  these  natoiml 
terpenet>  by  chemictd  ieaction;$..  They  are  known  in  nmneroiB 
isomeric  rnvniidcations^  in  a  large  part  of  which  the  isomerism  a|>pean 
to  be  only  phy^ic^l  ^§  47^ :  polymeric  modi&a^tions  are  also  imown. 
Thvxse  bc^t  iuT«>t>tigateil  stand  in  near  relation  to  cymene,  C|qH]4 
^§  1 0:^3  K  into  which  they  can  be  converted  in  vmrioos  wmjr»--#or 
instance*  bv  heating  with  iodine*  when  hydrogen  b  eliminated.    Th&r 

are  therefore  diAj^irv-iynieih^^  C^H«*  ^  j}  ,  one  of  the  doable  carbon 

unions  in  the  benzene  nuolens  having  l^een  converted  into  monovalent, 
the  other  two  double  tmions  still  remaining  unchanged.  This  theory 
<y(  the  con:^^titution  of  the  terpenes  agrees  with  their  tmioii  with 
halogens,  hydrvvsunds*  wnter.  Jrc.  to  form  additive  prodnctSy  from 
which  either  oymenes  or  the  terpenes  themselves  can  be  again 
obtained. 

The  boiling  points  of  the  terpenes  lie  between  155®  and  175% 
their  sp.  gr.  betwt^en  *S^  and  *S8.  Many  of  them  can  be  distingoiihed 
by  their  power  of  rotating  a  b^am  of  polarised  light  in  diflerant 
directions,  whilst  others  are  quite  inactive. 

Oil  <y  TurptHliiie. 

1119.  Turpentine^  a  viscous  liquid  which  flows  from  incisioQi 
made  in  the  bark  of  various  conifene  (especiaUy  from  PinuSj  Abie^j 
and  Lnrix),  is  a  solution  of  a  resin  in  oil  of  turpentine.  On  distilling 
turpentine  with  water,  the  oil  passes  over,  whilst  tlie  resin  remains 
behind  and  on  fusion  is  obtained  in  the  form  of  o^^phouti. 

The  tnr|)entine  oil<  floating  on  the  top  of  the  aqueous  distillate 
possess  diflerent  optical  rotary  powers,  according  to  the  source  from 
whence  obtained.  Mt^est — for  instance,  that  obtained  from  Pinus 
tnariiima  (French  oil  of  turpentine) — are  lievorotiuy ;  that  from  Pinu§ 
ou^mliit  (English  turpentine  oil)  is  dextrorotaij. 
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Oil  of  turpentine  oocurring  in  commerce  is  invariably  impure,  as 
when  exposed  to  light  it  readily  absorbs  atmospheric  oxygen,  being 
converted  into  resin.  In  order  to  purify  it  it  is  first  shaken  with 
solutions  of  alkaline  carbonates,  in  order  to  remove  free  acids  (espe- 
cially formic  and  acetic  acids),  and  is  then  purified  by  distillation  in 
vacuo. 

The  pure  turpentine  oils  so  obtained — terebentheTie,  from  Pinua 
marUima,  and  atutrcUene,  from  Pinua  australis — are  mobile,  cplourless 
liquids  of  peculiar  odour ;  they  boil  at  156®,  have  sp.  gr.  '864  at  15° 
and  a  vapour  density  of  4*698.  They  are  nearly  insoluble  in  water, 
but  impart  their  odour  when  shaken  with  it ;  they  mix  in  every  pro- 
portion with  alcohol,  ether,  and  acetic  acid.  They  bum  with  a  strongly 
smoky  luminous  flame,  and  are  good  solvents  for  sulphur,  phosphorus, 
fats,  resins,  and  many  other  bodies  insoluble  in  water.  Repeated  dis- 
tillation at  ordinary  atmospheric  pressure  converts  them  into  isomeric 
and  polymeric  modifications  of  higher  boiling  points.  This  change 
occurs  more  quickly  on  heating  at  250"^  in  closed  vessels.  One  of 
the  polymers,  metatereheniheTief  boils  at  360®  and  has  the  foimula 

On  repeatedly  distilling  terebenthene  with  small  quantities  of 
concentrated  sulphuric  add  until  a  distillate  is  obtained  which  is  com- 
pletely optically  inactive,  terehene  is  obtained ;  it  is  a  liquid  of  thyme- 
like odour,  boils  at  156®,  and  unites  with  two  atoms  of  bromine,  and 
on  then  boiling  with  alcoholic  potassic  hydrate  yields  cymene  : 

CoHieBrj  +  2K0H  =  2KBr  -|-  2HaO  +  CioH,4. 

By  oxidation  with  warm  nitric  acid  terebenthene  is  converted  into 
terebic  add  (§  867),  and,  on  passing  its  vapours  over  soda  lime  heated 

to  400®,  into  tereherUUic  acid,  CgHjoOa  =  CgHe  |  ^^  ^jj   (1);  this 

latter  crystallises  in  small  white  needles,  melts  at  90®,  and  boils  at 
250®. 

1120.  Compounds  with  One  Molecule  of  Hydrochloric  Acid. — The 
turpentine  oils  absorb  large  quantities  of  hydrochloric  add  gas, 
forming  with  it  two  isomeric  compounds  of  the  formula  C10H17CI. 
If  the  temperature  is  kept  as  low  as  possible,  a  crystalline  body  is 
chiefly  formed ;  at  higher  temperatures  a  liquid  addition  product  is 
mainly  obtained.  They  are  separated  by  solution  in  hot  alcohol.  On 
cooling  the  first  sepai-ates  in  colourless  needles  of  camphoraceous 
odoui*  (artifidal  camphor).  It  is  insoluble  in  water,  melts  at  115®  (or 
in  an  atmo6phei*e  of  hydrochloric  add  gas,  with  special  precautions  to 
prevent  decomposition,  at  131®-132®),  and  can  be  sublimed  on  careful 
heating. 

llSl.  Camphenea, — Both  the  isomeric  hydrochlorides,  on  heating 
with  basic  hydrates  or  alkali  salts  of  weak  adds,  are  re-converted 
into  hydrocarbons  of  the  original  formula,  but  which  show  altered 
properties.  The  crystalline  hydrochlorides,  on  heating  with  diy  soap 
at  220®,  give  solid  camphenes,  melting  at  45®  and  boiling  at  160® 
(terecamphene  being  Isevorotary  and  austracamphene  dextrorotary). 
By  decomposition  with  sodic  benzoate  both  hydrochlorides  yield 
optically  inactive  camphene,  which  also  melts  at  45®  and  boils  at  160®. 
All  three  camphenes  unite  directly  with  a  molecule  of  hydrochloric 
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water  converts  it  into  the  crystalline  cUrene  terpine,  CtoH^oOa;  and 
with  bromine  it  yields  a  dibromide,  CioHjeBrg,  which  with  aniline  at 
190°  gives  aniline  hydrobromide  and  cymeue.  The  ethereal  oils  from 
other  aurantiaoece,  such  as  oil  of  bergamot,  <&c.,  are  very  similar  to 
oil  of  lemons. 

The  greater  number  of  ethereal  oiU^  which  are  obtained  by  distil- 
lation of  odoriferous  plants  with  water,  are  mixtures  of  terpenes  with 
other  volatile  substances.  When  these  admixtures  are  solid  they  crys- 
tallise out  in  the  cold  and  are  termed  atearoptenes,  A  lai'ge  number 
of  these  oils  have  been  previously  mentioned ;  e.g.  oil  of  rue  (§  455), 
Roman  chamomile  oil  (§  797,  2),  oil  of  anise  (§  1100),  winter  green 
oQ  (§  1061,  1),  oil  of  spire»  (§  1033),  oU  of  thyme  (§  1023),  oil  of 
cinnamon  (§  1092),  oil  of  cloves  (§  1101),  Sic. 

Camphobs. 

1125.  The  camphors  stand  in  very  dose  relation  to  cymene  and 
to  the  terpenes ;  they  are  obtained,  mostly  with  terpenes,  by  distilla- 
tion of  different  plants  with  water. 

The  most  important  varieties,  bomeol,  OioHi^O,  and  laurvnol^ 
CioHieO,  stand  to  one  another  in  the  relation  of  a  secondary  alcohol 
to  its  ketone.    Menthol,  C10H30O,  is  a  similar  alcohol-like  substance. 

1126.  Bomeol,  or  Borneo  camphor^  CioHi^.OH,  occurs  together 
with  bomeene,  a  terpene,  in  DfyobcUanopa  Camphora,  growing  in 
Borneo  and  Sumatra.  It  can  be  obtained  from  ordinary  camphor  by 
heating  with  aloohoUc  potassic  hydrate : 

20ioHieO  +  KOH  +  HO.O2H5  =  90ioH,80  -f-  KO.OaHaO, 

together  with  campholic  acid  (§  1129),  similarly,  together  with  cam- 
phor-carbonic add,  by  treatment  of  lauiinol  with  sodium  and  carbonic 
anhydride. 

Bomeol  forms  brittle  crystals,  possessmg  at  once  a  camphor-  and 
peppermint-like  odour;  it  melts  at  198°  and  boils  at  212°.  The 
alcoholic  solution  rotates  the  plane  of  polarisation  to  the  right 
([a]i>  =  -f-  32*7°).  On  oxidation  with  nitric  add  it  3delds  laurinol,  or 
on  further  action  camphoric  add ;  by  heating  with  phosphoric  anhy- 
dride it  is  resolved  into  water  and  bomeene,  boiling  at  176°-180°  : 

CioHigO  -f.  PA  =  2HPO3  +  CioHig. 

On  heating  with  organic  acids  at  200°  bomeol  yields  salts. 
Borneol  atearaUf  CioHi^.O.CigHjgO,  is  a  viscous  oil  which  slowly 
crysteJlises.  Concentrated  hydrochloric  add,  and  still  more  readily 
phosphoric  chloride,  convert  bomeol  into  homeyl  chloride^  C10H17CI, 
which  resembles  the  isomeric  terebenthene  hydrochloride  very  closely, 
but  melts  at  159°  and  decomposes  at  a  little  higher  temperature. 

An  optically  Icevorotary  bomeol  occurs  in  the  fusel  oil  from  the 
spirit  prepared  from  the  fermentation  of  madder  roots ;  other  isomeric 
compounds  exist  in  oil  of  hops,  oil  of  cajeput,  oil  of  coriander  seed, 
&c, 

A  compound  homologous  to  bomeol  is  contained  in  oil  of  pat- 
chouli; this  paf^^ouH  camphor,  Ci5H3gO,  is  crystalline,  melts  at 
54°-55°,  and  boils  at  296°. 
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1127.  LamrmU,  more  ontniwily  termed  rmmpJktM ,  m  if^rtiiirr* 
from  tH  puts  (eipcaaUj  from  the  wood)  €si Lmmrus  Cmampkowm\  ifcii 
yari&td  bj  eaJAimtxifm.  It  can  be  pte|icd  br  tlie  azi^Uian  c£  cil 
of  Tafemii  and  oil  of  sage  or  bomeol  withniliic  aad. 

Campbcr  oecuzB  in  oommeroe  in  tranipu«nt  too^  maans  cf 
peculiar  sm^  and  taste.  It  lonns  lai^e  brilliant  crjstela  <■&  abv 
saUimatioo  (eren  at  ordinary  tempermtnrea)  and  on  evBpoKwIicA  of  iti 
alcc^iolic  aolatkn.  Its  qx.  gr.  is  -9d5,  Hie  Taposr  dcMaiif  5-32;  il 
meHa  at  175'  and  boils  at  205'.  It  is  Terr  litde  aolnUe'in  crater, 
readUj  aolable  in  alcrfiol,  edier,  and  oils.  Its  •WhitKr  aolotion  ii 
strong  J  dextrorotary. 

Aqneoos  bjpochlorons  acid  ccmvqia  raunphor  into  wjonockinr 
eamphar^  Ci^i^ClO,  a  crystalline  mass,  mating  at  95%  icadily 
solable  in  alcohol  and  ether;  on  heating  with  alcoholic  poteaae 
hjdrate  this  yields  oxyeamphor,  CioH^O,  =  CioH,5(OB[)0,  iamdog 
cokmriesB  needles.     It  melts  at  137**  and  can  be  sabUmed. 

A  saturated  tolation  of  camj^ior  in  chloroform,  on  trBatment  with 
bromine,  3rields  a  crystalline  camphor  dihromide,  CioHi^Ofirny  which 
readily  decomposes  into  hydrobromic  acid  and  mcnohrom^  eampkor. 
This  latter  forms  colourless  prisms,  melts  at  76%  and  bmls  at  274** ;  it 
is  also  formed,  together  with  dtbram-camphor,  CioHi^Br^O  (prisms 
melting  at  114'5®),  by  heating  camphor  and  bromine  at  120®. 

Sodium  dissolves  readily  in  a  solution  of  camphor  in  toluene^  modi 
heat  being  evolved  and  sod-camphor  and  bomeol  being  fonned  : 

SCioHieO  +  Na,  =  2C,oHi5NaO  +  CjoHigO. 

Bod-camphor  unites  directly  with  carbonic  anhydride,  fbrming  sodic 
eampho-ca/rhonaU : 

CioHijONa  +  COj  =  CioHi^O.CO.ONa, 

from  whose  aqueous  solution  hydrochloric  add  separates  ocunpluh 
earbanio  acid  in  small  difficultly  soluble  crystals;  it  melts  at  118®- 
119®,  with  decomposition  into  carbonic  anhydride  and  camphor. 

1128.  Matricaria  camphor  is  obtained  from  the  oil  of  feveifew 
(MairicaHa  Farthenium)  by  strongly  cooling  that  portion  which 
distik  between  200®  and  220"^.  It  is  isomeric  with  laurinol,  and  re- 
sembles it  in  all  but  its  optical  properties,  this  body  being  Isevorotaiy. 
This  difference  in  rotary  power  runs  through  all  the  derivativeB  of 
these  bodies,  though  in  all  other  respects  they  are  closely  analogous. 

Both  camphors  are  acted  on  by  phosphoric  chloride,  being  first 
converted  into  crystalline  dichloride,  CioHigClj,  but  partly  further, 
with  elimination  of  hydrochloric  acid,  into  solid,  C10H15CI  (comp.  § 
445).  This  latter  on  heating  again  loses  hydrochloric  acid  and  is  con- 
verted into  cymene. 

On  distillation  with  zincic  chloride,  phosphoric  anhydride,  or  phos- 
phoric sulphide,  camphor  yields  cymene  in  addition  to  xylene  and 
toluene ;  thiocymophenol  also  in  the  last  case,  whilst  heating  with 
J  of  its  weight  of  iodine,  converts  it  into  cymophenol  (§  1023). 

Two  isomers  of  camphor  exist  in  the  oil  of  wormwood,  obtained 
from  Ariemisia  Absinthium  when  in  flower,  absiyit/tol,  boiling  at 
195®,  and  myriaticolf  boiling  at  212°-218®  ;  they  both  yield  cymene 
on  distillation  with  zincic  chloride  or  phosphoric  sulphide. 
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Adda  from  Camphor. 

1129.  By  the  action  of  strong  basic  hydrates  on  camphor,  whether 
effected  by  passing  camphor  vapour  over  heated  soda  lime  or  by 
boiling  for  a  long  time  with  alcoholic  potassic  hydrate,  bomeol  and 
campholates  are  formed  : 

CioHieO  +  HOK  =  CioHiyOX^K, 

from  whose  aqueous  solution  addition  of  acids  separates  cemhpJujlie 
acid,  CioHigOa.  It  is  nearly  insoluble  in  water,  crystallises  from 
alcohol  in  colourless  prisms  or  plates,  melts  at  95^,  and  can  be  sublimed. 
On  distillation  of  its  calcic  salt  with  soda  lime,  or  on  heating  the  acid 
with  phosphoric  anhydride,  it  is  converted  into  ccmipholenef  CgHig, 
an  oil  boUmg  at  135°. 

Nitric  add  dissolves  camphor  in  the  cold  without  alteration,  but 
on  heating  vigorous  oxidation  ensues,  which  is  only  completed  after 
boiling  for  several  days  (150  grams  camphor  being  heated  with  two 
litres  of  nitric  acid  of  sp.  gr.  1*37).  On  evaporating  the  Uquid  much 
camphoric  acid  separates  in  the  crystalline  form,  and  a  syrupy  mother 
liquor  is  left,  from  which  camphoronic  acid,  a  product  of  the  further 
oxidation  of  camphoronic  acid,  can  be  obtained. 

1130.  Camphoric  acid,  O10H16O4  =  C8Hi4(CO.OH)j,  probably  a 
homologue  of  fumaric  and  the  pyrodtric  adds  (§§  896-7),  crystalUses 
from  a  hot  saturated  aqueous  solution  in  shining  ooloorlees  plates, 
melts  at  178®,  and  decomposes  at  slightly  higher  temperature  into 
water  and  camphoric  amhydride,  CJ0H14O3  =  CgH  14 (00)20;  this 
latter  sublimes  in  long  shining  prisms  and  melts  at  217®. 

Camphoric  acid  is  dibasic,  and  yields  add  and  normal  salts.  Caldc 
%»tmphorate,  CioH.|4Ca04,8H30,  is  readily  soluble  in  water  and  de- 
composes at  higher  temperatures  into  caldc  carbonate  and  phorone 
(§  444)  : 

OioHi4Ca04  =  CaCOa  +  C9H14O. 

When  prepared  from  ordinary  camphor,  camphoric  add  in 
alcoholic  solution  rotates  the  plane  of  polarisation  of  light  to  the 
right  ([a]  =  +  38°-39°) ;  that  prepared  from  matricaria  camphor  is 
leevorotary  to  exactly  the  same  extent,  though  otherwise  of  similar 
properties.  These  two  modifications  behave  to  one  another  like  tar- 
taric and  antitartaric  acid,  combining  in  equal  molecules  to  form  an 
inactive  camphoric  add  corresponding  to  racemic  add  (comp.  §  907). 
Long  heating  at  150°  with  concentrated  hydrochloric  add  converts 
dextrorotary  camphoric  acid  into  a  second  inactive  modification, 
mesocamphoric  acid.  This  crystallises  in  interlaced  needles,  melts 
at  113%  and  is  soluble  in  water. 

1131.  Camphoronic  acid,  O9H12O5,  is  formed  by  the  further 
action  of  nitric  add  on  camphoric  add,  and  occurs  in  the  syrupy 
mother  liquor  from  which  this  has  been  crystallised ;  this  mother 
liquor  is  neutralised  with  ammonia,  heated  to  boiling,  and  baric 
chloride  added,  when  bai-ic  camphomate,  (C9H905)2Ba3,2HsO,  is  pre- 
dpitated,  which  yields  camphoronic  acid  when  decomposed  by  dilute 
sulphuric  add.  Camphoronic  acid,  CgHijOsyHjO,  crystallises  in  small 
needles,  loses  its  water  of  crystalliBation  at  llO**,  and  melts  at  115® ;  it 
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ix  rihr^  botrrie  ftdd.     It  w  a  tribute  Jtfid. 

»ier«id  «ft  Moo4pxiig  to  tl^  euapborm.     It  eontniM  two 
hj&TOffm.  mtfjn  t£aii  honi«J,  faftrin^  tlie  formula : 

It  «r7«UllifKa  iis  prima,  Ymmm  a  fueppenamkrUke  odour,  mclla  ai  tf  , 

«al  U^U  ftt  212'.    It  MkftTcs  like  a  manbTdric  aloohol, 

with  awcidjf.  Wk^n  trcfticd  with  brdrochkirie  acii  or 

it  jiMm  memiAyl  Morid^,  Q^^^^d,  laA  with  phoiphuiie 

it  giTOi  nysnUutfu,  Cj^H|^  mn  oil  bofling  at  163^ 

Tb0  eoDMidtMttitm  of  the  terpenea  aijd  caiii|rfian  ia  atfll 
MtUed.  Tbe  M]awhig  tarmvlm  bare  been  suggested,  but, 
the  eMe  of  the  eunphon  and  their  deriTatnnes,  mnat  be 
resenre: 

/    \  /    \ 

H,c— OH  HC— dn 

Ti 


H,C— €0 
H(C,H7)C  C.CH,  H(C,H,)C  C.CH, 

LftiifiDoL 


H,0    CO.OH  OO.OH  OO.OH 

/      \  II 

}i((:^H,)C  C.CH,  H(C,H7)C  C.CH, 

H,c— dH  H,c— dn 

CAmpboUc  acid  Ounphoric  add. 
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tropical  vndigo/ercB,  laatis  tvnctoria,  Polygonurfi  tinctorium,  dbc.,  and 
at  times  also  the  urine  of  man  and  mammalia,  contain  a  substanoe 
(probably  of  glucoside  nature)  which  bj  ferment-like  decompositions, 
or  by  lioiling  with  dilute  acidfi,  yields  indigo  Uue. 

This  chromogen  has  been  prepared  from  haiis  tinctoria  (woad^ 
HU(]  termed  vndican.  For  this  purpose  the  dried  plant  is  extractea 
with  alcohol,  the  filtered  liquid  evaporated  at  ordinary  temperatures, 
the  roMidue  dissolved  in  water  and  shaken  with  cupric  hydrate ;  it  is 
then  filtered,  the  filtrate  treated  with  sulphuretted  hydrogen  to  re- 
move oopp<ir,  and  the  clear  solution  evaporated  over  sulphui-ic  acid. 

Jndicfm  is  a  clear  brown  syrup  of  bitter  and  nauseous  taste ;  it  is 
deoomposed  by  boiling  with  dilute  sulphuric  acid  into  indiylucin : 

CeH,oOe  (t), 
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and  indigo  blue,  which  precipitates.  Indiglucin  is  also  a  Hyi*up  of 
faintly  sweet  taste ;  it  reduces  Fehling's  solution  (§  870),  but  will 
not  enter  into  alcoholic  fermentation  with  yeast. 

In  order  to  prepare  indigo  on  the  large  scale,  the  leaves  and  stems 
of  the  respective  plants  are  covered  with  water  and  allowed  to  ferment. 
The  liquid  is  then  poured  into  shallow  vessels  and  exposed  to  the  air, 
when,  in  consequence  of  the  oxidation  of  the  indigo  white  first  formed, 
it  deposits  the  blue  colouring  matter.  This  latter  is  washed  and  dried, 
and  then  constitutes  commercial  indigo. 

This  is  by  no  means  pure  indigo  blue ;  it  yields  indigo  gluten  to 
dilute  acetic  add,  indigo  brown  to  potassic  hydrate  solution,  and  finally 
indigo  red  to  boiling  alcohol.  The  residue  then  consists  of  indigo  blue 
mixed  with  insoluble  impurities. 

1134.  Indigo  blue,  or  indigoHne,  C15H10N2O3,  is  obtained  syn- 
thetically by  heating  a  mixture  of  isatine  with  phosphorous  trichloride, 
phosphorus,  and  chlor-aoetyl  in  sealed  tubes  at  70^-80^  for  several 
hours ;  when  the  reaction  product  is  poured  into  water,  on  exposure  to 
air,  blue  flocks  sepeorate.  It  is  also  obtained  by  the  reduction  of 
isatine  chloride,  and  very  readily  by  treatment  of  potassic  indoxyl 
sulphonate  with  ferric  chloride  and  sulphuric  acid. 

A  still  more  important  method  of  synthesis  is  effected  as  follows : 
Cinnamic  acid  is  converted  into  orthonitro-cinnamic  acid ;  this  is  then 
brominated  and  treated  with  potassic  hydrate,  whereby  it  is  converted 
into  nitro-phenyl  propiolic  add  (comp.  §  1101),  which  latter  on  re- 
duction (b^  by  glucose  in  alkaline  solution)  jdelds  indigo  blue : 

2C9H5(N02)02  +  2Ha  =  CigHioNaOa  -f-  2HaO  +  2C0a. 

The  commercial  indigo  blue  can  be  purified  by  reducing  it  to 
indigo  white,  which  yields  metallic  compounds  with  the  alkalies  or 
alkaline  earths  whidi  are  soluble  in  water.  The  reducing  agents 
generally  employed  are  ferrous  salts,  grape  sugar,  or  putrefying 
organic  matter ;  e.g.  3  parts  indigo  with  6  parts  quick  lime,  400-500 
parts  water,  and  4  parts  ferrous  sulphate,  or  equal  parts  of  indigo 
and  grape  sugar  with  1^  part  concentrated  sodic  hydrate  solution. 
The  resulting  yellow  solution  of  the  indigo-white  metallic  compound, 
on  exposure  to  air,  deposits  indigo  blue  in  small  crystals. 

Pure  indigotine  can  also  be  obtained  in  well-formed  crystals  by 
treating  commerdal  indigo  with  boiling  aniline  and  slowly  cooling  the 
filtered  liquid. 

Indigotine  is  a  deep  blue  substance  with  metallic  oopper^red  reflex 
from  the  crystal  faces.  It  is  quite  insoluble  in  water,  alcohol,  ether, 
mineral  adds,  and  alkalies.  At  about  300°  it  forms  a  beautiful 
purple  red  vapour,  which  condenses  again  to  copper-coloured  prisms 
of  pure  indigotine. 

On  boiling  indigo  blue  with  solution  of  potassic  hydrate  and  man- 
ganic oxide  it  is  converted  into  orthamido-benzoic  add  (§  1056), 
whilst  by  dry  distillation  with  solid  potaasia  hydrate  it  yields 
aniline. 

1136.  The  reduction  to  indigo  white  in  presence  of  strong  bases 
has  been  already  mentioned.  fVom  the  alkaline  liquid  indigo  white, 
C16H12N2O2,  can  be  separated  by  over-saturating  with  hydrochloric 
add ;  air  being  excluded,  the  predpitated  white  flocks,  which  slowly 
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tiritt«  to  cryntalline  scales,  being  wanbed  with  alr^ree  n 
in  vactui.     It  is  obtainerl  in  thi»  way  sa  a  gbimnici iiig  yomda, 
»^>lvinK  in  alor^kol,  ether,  alludieB,  and  limey  or  hmrjtm  wwtar 
yellow  oolour.     When  moist  it  oxidises  with  gtemt  rapidiij  to 
Mtie : 

0„H„NA  +  0=  H,0  +  Ci«H,^^^ 

1186.  By  digestion  of  indigotin  with  conoentrated 
or  with  weak  Nordhaosen  sulphuric  add,  two  indiffoHn 
acifls  are   ((jTmwi-~4nfIiyot{n   m/jnostUphonic  acid,  or 
pfrnric  aciflf  C mU^{H() 2*011  )'S ^O^,  and   indigoiin  dUidpkamie 
or  iulphiwlujotu:  ftcul,  C,<.Hg(80,.OH)2Nt02.     The  latter  alo 
fonned  wlien  1  part  of  indif^o  is  heated  with  15  parts  of  ^»ilpfc»ig 
acid  ffir  tliree  clays  at  40^-50*^,  whilKt  a  mixture  of  both  Is  ' 

if  only  8  MirtM  of  sulphuric  acid  be  employed. 

J'hwMciyi  iulphuric  aei/l,  lieing  insoluble  in  dilate  acidfly 
Its  a  blue  |K)wder  on  dilution  of  the  reaction  product  with  water.  It 
is  soluble  in  alcr>hol  and  pure  water,  and  jrields  monobasic  salts  witt 
midals;  e.g.  (*inU^(H()^.OK)^,flif  which  is  precipitated  in  pmpb 
flocks  on  addition  of  fxitassic  acetate  to  a  concentrated  solirtion  of 
phcenicin  sulphuric  acid. 

tSulphvruliyotic  acvl  is  completely  removed  from  the  diluted  sola* 
tion  of  indigo  in  sulphuric  acid  by  the  introduction  of  wooL  The 
deep  blue  coloured  w(X)I  is  then  treated  with  dilate  ATntw^^w;^  whn 
amnionic  sulphindigotate  goes  into  solution,  and  on  addition  of 
plumbic  m;etatu  yields  a  dark  blue  precipitate  of  the  lead  salt.  TUi 
IS  suspended  in  water  and  decomposed  with  sulphuretted  hydrogen, 
iiy  this,  however,  tlie  sulnhindigotic  acid  is  reduced  to  indigihyMu 
dxndphonio  acitl,  <Ji6H|o(HO.j.Oin2N203,  sulphur  being  precipitetod. 
Tlie  colourless  filtrate  mpidly  oxidises  on  exposure  to  air,  again  jrield- 
iiig  sulphindigotic  lund,  which  on  evaporation  is  obtained  as  an  amor- 
phous blue  mass,  readily  soluble  in  water  and  alcohol.  The  aahs  of 
sulphindigotic  acid  are  difiicultly  soluble  in  water.  The  potasne  wait, 
^^^f^\\ n(H02.()K).i'S ^O^t  is  the  most  iin|X)rtant,  as  it  is  obtained  from 
the  crude  sulpliindigotic  acid  by  pit)cipitation  with  potassic  carbonate 
or  acetate,  and  brought  into  commerce  as  a  blue  colouring  material 
under  the  name  of  uulujo  carmine, 

1137.  hatim: 

indigo  is  suHi>ended  in  three  times  its  weight  of  boiling  water,  and 
nitric  acid  of  sp.  gr.  1*35  slowly  added  until  the  blue  oolour  has  dis- 
appeare<l ;  on  cooling  the  solution  deposits  isatine,  which  is  purified 
by  solutiim  in  (lottuih,  precipitation  with  hydi*ochloric  acid,  and  crystal- 
lisation from  alcohol,  when  it  forms  brilliant  yellowish  red  prisms. 
It  is  readily  dissolved  by  ether  and  boiling  water,  and  still  more  so 
by  lK)ili!ig  alcohol.  Potassic  bydi*ate  dissolves  it,  forming  a  violet 
solution  of  {)ota8Bium  isatino,  which,  on  addition  of  argentic  nitrate, 
gives  difficultly  soluble  carmine  red  ciystals  of  silver  iscUine : 

CgH^NOjAg. 
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laatine  has  been  obtained  synthetically  by  the  action  of  oxidising 
agents  on  amido-oxindol : 

/  CH.   .NHj.HCl  yCaOa 

CeH/         >C0  +  O  =  CbH/  |        +  NH4OI 

and  by  the  reduction  of  orthonitro-phenyl  glyoxalic  add  in  alkaline 
solution : 

+  6H  =  C6H4<  I       +3HaO 


Cs^A<& 


O.CO.OH      .     ftTT    _    p  TT  /  T'     " 


On  strongly  heating  isatine  fuses  and  sublimes  in  part  unchanged. 
It  yields  crystalline  compounds  with  alkaline  hydric  sulphites ;  e.g. 
on  saturating  a  solution  of  potassiiun  isatine  with  sulphurous  an- 
hydride, yellow  plates  sepai'ate,  of  the  formula  CgHftNOayKHSOj, 
which  yield  isatine  on  treatment  with  hydrochloric  acid.  On  distil- 
ling isatine  with  concentrated  solution  of  potassic  hydrate  aniline 
passes  over ;  on  addition  of  nitrous  acid,  nitrogen  is  evolved  and  nitro- 
salicylic  acids  formed.  Boiling  with  s^ng  nitric  add  also  first  con- 
verts it  into  nitro-salicylic  add  and  finally  into  trinitro-phenol.  By 
ammonia  it  is  (especially  in  alcoholic  solution)  converted  into  different 
amide  derivatives,  water  being  eUminated. 

On  boiling  the  violet  solution  of  potassium  isatine  its  colour 
changes  to  yellow,  and  then  contains  potasHc  isatatdf  CgH^NKOj, 
which,  on  addition  of  plumbic  acetate,  gives  a  precipitate  of  plumbic 
isatate.  On  suspending  this  in  water  and  decomposing  with  sul- 
phuretted hydrogen,  and  then  evaporating  the  filtrate  in  vacuo,  a 
white  flooculent  predpitate  is  obtained  of  isatic  acid  or  trioxindol: 

CTT  f^n   n  XT  .CO.CO.OH 

which  easily  decomposes  on  heating  into  isatine  and  water. 

A  hot  boiling  isatine  solution  yields,  on  treatment  with  chlorine, 
a  yellow  flocculent  precipitate  of  chlor-isatine,  C8H4CINO2.  Indigo, 
when  suspended  in  water  and  treated  with  chlorine,  yields  a  mixture 
of  products  from  which  boiling  water  extracts  chlor-isatine,  together 
withdichlor-isatine,  CgH3Cl202N.  They  can  be  separated  by  alcohol, 
in  which  the  latter  is  more  readily  soluble.  Dichlor-isatine  crystal- 
lises in  orange  yellow  foiur-sided  prisms  of  bitter  taste. 

Sulphindigotic  acid  on  oxidation  yields  iscUvne  atdphonio  cicid : 

C8H4(SOa.OH)NOj, 

readily  soluble  in  water. 

1138.  Redriction  Products  of  haiine, — Isatine  combines  with 
nascent  hydrogen,  evolved  from  zinc  and  hydrochloric  add,  forming 
Uatyde^  Qi^i^Jdi*  which  separates  as  a  white  crystalline  powder, 
difficultly  soluble  in  alcohol  and  ether,  insoluble  in  water.  Isatine 
suffers  the  same  change  (which  resembles  the  formation  of  indigo 
white  from  indigo)  on  long  contact  with  ammonic  sulphide. 

On  passing  sulphuretted  hydrogen  into  an  alcoholic  solution  of 
isatine,  sulphur  and  isatyde  are  predpitated,  whilst  nUphiscUyde : 


_■:  xnxLs  h  me  "^i  -sw^iiirr-  -rium  uaatji^^'ps  in  jastkumz  ''ran 
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1140.  The  constitution  of  indol  and  indigo  is  still  undetermined ; 
their  method  of  foimation  leaves  no  doubt  that  the  benzene  nucleus 
has  the  nitrogen  atom  and  the  dicarbon  nucleus  united  to  it  in  the 
ortho  position,  but  with  r^ard  to  the  distribution  of  the  hydrogen 
and  oxygen  atom  (in  the  case  of  indigo)  nothing  is  yet  known  with 
certainty. 


xz 
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114L  Several  benxroe  nuclei  can  unite  to  form  fresh  gronp>,  tfe 
union  being  either  direct,  e.g. 


/      ^     /      ^ 


c— c        c. 

\   f  \  y 

or  by  means  of  other  carbon  atoms,  e.g. 

These  groups  may  be  designated  as  conjugated  benzene  nudeL  Hie 
hydrocarbons  derived  from  them  are  capable  of  the  same  substitatioiis 
as  benzene  it8elf,  so  that,  on  account  of  the  complicatioii  of  the 
carbon  nucleus,  an  extraordinary  number  of  isomeric  oompoimds 
appears  to  be  possible,  although,  from  the  short  time  these  bodies 
liHFe  l>een  worked  at,  only  a  moderate  number  are  known  at  present. 

Compounds  Contaixino  Two  Benzene  Groups. 

CgHj 


Diphenylf  OuHjo  = 

1 142.  When  the  vapour  of  benzene  is  sent  through  tabes  filled 
with  pumice  and  heated  to  redness,  diphenyl  Ls  formed  along  with 
free  hydrogen  and  other  products : 

SCgHg  =  Hj  +    I 

CeHs 

The  same  hydrocarbon  is  also  formed  by  acting  on  an  ethereal  solntion 
of  brom-benzene  with  sodium  : 

C  H 
2C6H5Br  +  Naa  =  2BrNa  +    I  * 

also  by  the  dry  distillation  of  a  mixture  of  potassic  phenylate  and 
potassic  benzoate  or  oxalate : 

O6H5.OK  +  KO.CO.C^fiH.,  =  K2CO3  +    I  *    * 

2C6H5.OK  +  K2C2O4  =  2KaC03  +  CiaHio 
and  IK  alFO  found  in  small  quantity  in  coal-tar  oils. 
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Diphenyl  crystallises  in  large  brilliant  white  or  colourless  leafy 
crystals,  of  an  agreeable  odour,  easily  soluble  in  alcohol  and  ether, 
but  quite  insoluble  in  water. 

It  melts  at  70*6°  and  boils  at  254**.  Chromic  acid  oxidises  it  in 
glacial  acetic  solution  to  benzoic  acid,  one  phenyl  group  being 
destroyed. 

ParacJdor-diphenyU  CgH4Cl.C6H5,  prepared  from  phenyl-phenol 
(§  1144)  by  means  of  PCI5,  crystallises  in  plates,  melting  at  75^  and 
yielding  parachlor-benzoic  acid  on  oxidation. 

Brom  diphent/ls, — Par<il/i*oin-diphenyl,  C6H4Br.C6H5,  obtained  by 
treating  one  molecule  of  diphenyl  in  solution  in  carbonic  disulphide 
with  a  molecule  of  bromine,  forms  colourless  crystals,  melting  at  89° 
and  boiling  at  310° ;  it  gives  parabrom-benzoic  acid  on  oxidation. 

Diphenyl  treated  under  water  with  excess  of  bromine  yields 
dibrom-d {phenyl f  C6ll4Br.C6H4Br ;  it  forms  large  colourless  prisms, 
almost  insoluble  in  alcohol,  melting  at  64°  and  boiling  between 
355°-360°. 

1143.  Nitro-diphenyls, — 1.  Parcmitro-diphenylyQ^^i^O^yO^f,^ 
resulting  from  the  direct  action  of  cold  concentrated  nitric  acid  on  the 
hydrocarbon,  crystallises  in  colourless  needles,  melting  at  113°  and 
boiling  at  340°,  and  giving  paranitro-benzoic  acid  on  oxidation  with 
chromic  acid. 

2.  The  isomeric  Tnetanitro-diphenyl  is  obtained  by  distilling  a 
mixture  of  sand,  metanitro-benzoic  acid,  and  potassium  phenylate; 
it  forms  large  prisms,  melting  at  86°  and  much  more  readily  soluble 
in  alcohol  than  the  para  compound,  Ci2Hg(N03)2. 

Two  isomeric  dinitro-diphenyls  result  from  the  action  of  excess  of 
cold  fuming  nitric  add  on  diphenyl.  The  para  compound  is  only 
slightly  soluble  in  alcohol,  and  crystallises  in  colourless  needles,  melt- 
ing at  233°,  which  by  oxidation  yield  paranitro-benzoic  acid. 

The  iaodinitro-diphenyl  is  easily  soluble  in  alcohol,  and  melts 
at  93-5°. 

Amido-diphenyU,  —  Paranitro-diphenyl  is  reduced  by  tin  and 
hydrochloric  acid  to  paroramido-diphenyl,  C6H4(NH2).CgH5,  crystal- 
lising in  colourless  needles,  melting  between  49°-50°;  and  the 
two  dinitro-diphenyls  nve  by  incomplete  reduction  the  isomeric 
compounds  Ci2H8(N02).(NH2),  para'amido-nitro'diphenyl,  melting 
at  198°,  and  iaamido-^itro-diphenylf  at  97°-98°.  Both  compounds 
crystallise  in  red  needles.. 

Paradiamidchdiphenylf  C6H4.(NH2).C5H4(NH2),  or  benzidine^  is 
formed  by  the  reduction  of  paradinitro-diphenyl  with  tin  and  hydro- 
chloric add,  as  well  as  by  the  action  of  adds  on  the  isomeric  hydrazo- 
benzene  (§  975),  also  by  heating  azobenzene  with  concentrated  hydro- 
chloric add  to  115°  and  by  the  decomposition  of  brom-amline  with 
sodium  (§  986), 

It  crystallises  in  silvery  plates,  melting  at  118°,  which  may  be 
partly  sublimed  unchanged  ;  it  is  soluble  in  hot  water,  more  readily 
in  alcohol  and  ether,  and  forms  difficultly  soluble  salts,  e.g. 

GgM4.^M3.0. 

SO2 

almost  insoluble  in  water  and  alcohol.     It  combines  with  ethylio 

XX2 


A, 
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iodide  to  form  diphenjl-diethjl  diammonic  iodide,  &om  'which  alkalies 
liberate  diethyl  benzidine : 

C«H,.N.(C,H,)H 


CsH,.N.(CjH5)H 

which  again,  by  a  repetition  of  the  treatment,  yields  tetraethyl  bettzidine, 
and  this  further  combines  with  methylic  iodide,  fonning  tetnteth^ 
dimetki/l  benzidine  diiodide : 

C6H4.N(C,H5),.CH,I 


CgH4.N(02H5)2.CH3l 

An  aqueous  solution  of  benzidine  is  converted  by  nitrous  acid  into 
tetroroaodiphenyl  nitrate : 

G6H,.N2.0.N02 


CfiH^.Na.O.NOa 

which,  by  addition  of  ether  alcohol,  is  precipitated  in  yellowish  ex- 
plosive needles. 

Carbazolf  or  imido-diphenyl,  \  yNH,  is  obtained  from  that 

portion  of  coal  tar  boiling  between  320°-360°  by  addition    of  picric 
acid  to  the  solution  of  this  fraction  in  toluol,  when  the  salt 

Ci2H8.NH2.0.C6H2(N02)3 

separates  in  lai'ge  red  needles,  melting  at  182®. 

Ammonia  liberates  from  this  salt  free  carbazol,  which  crystallises 
from  hot  alcohol  or  benzene  in  colourless  plates,  melting  at  238^  and 
boiling  between  354°  and  355°.  It  scarcely  possesses  basic  properties, 
but  dissolves  in  sulphunc  acid  with  production  of  yellowish  solutions. 
By  heating  with  hydriodic  acid  and  phosphorus  at  240°  it  is  con- 
verted into  carbazoliney  C,2H,.ijN,  a  basic  body  crystallising  in  prisms, 
melting  at  99°,  and  boiling  at  297°. 

Another  method  for  the  production  of  carbazol  consists  in  passing 
tiie  vapour  of  aniline  or  diphenylamine  through  ignited  tabes  : 

2CsHj.NHj,  =  H,  +  NHj  +    I         >NH 

C6H4/ 
and 

yNK  =  H2  +    I         NH 
CgHg'^  C6H4. 

An  isomer  of  carbazol,  acridine^  is  also  found  in  the  320°-360° 
fraction  of  coal  tar,  from  which  it  may  be  extracted  by  dilute  sul- 
phuiic  acid.  It  crystallises  in  colourless  rhombic  crystals,  melting  at 
107°,  subliming  at  100°,  and  boiling  above  360°.  It  is  easily  soluble 
in  alcohol  and  ether,  and  is  specially  characterised  by  the  insolubility 
of  its  chromate.  When  brought  in  contact  with  the  skin  it  causes 
great  irritation  and  burning  pain. 
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1144.  Dlphenyl  stdphonic  acids  result  by  heating  diphenyl  with 
concentrated  sulphuric  acid.  By  excess  of  acid  dipkenylene  disulphonio 

CfiH^.SOa.OH 
acidy    I  ,  is  alone  produced ;  by  excess  of  diphenyl,  how- 

C6H4.SO2.OH 
ever,  a  mixture  of  the  latter  with  paraphenyl  phenylene  sulphonic  acid, 
C6H5.C6H4.SO3.OH.  Since  the  copper  salt  of  the  monosulphonic 
acid  is  difficultly  soluble  even  in  boiling  water,  whilst  that  of  the 
disulphonic  acid  is  readily  soluble,  they  may  be  separated  without 
any  difficulty.  The  disulphonic  acid  crystallises  in  prisms,  melting  at 
72"5°  and  readily  soluble  in  water. 

Phenyl  Plienols  and  Oxides. — The  corresponding  phenols  are 
produced  by  melting  the  potassium  salts  of  the  diphenyl  sulphonic 
acids  with  potash  and  decomposition  of  the  products  with  dilate 
sulphuric  acid. 

Phenyl-phenol,  C12H10O  =  CgH5.C5H4.OH,  or  diphenyloly  pre- 
pared from  phenyl  phenylene  sulphonic  acid,  forms  colourless  micro- 
scopic needles,  melting  at  164°-165°,  very  volatile  in  steivm,  and 
boiling  at  305°  or  308°. 

Diph^Tiol,  C12H10O2  =  HO.C^H4.C6H4.0H,  in  addition  to  its 
production  fi-om  diphenylene  disulphonic  acid,  is  also  obtainable  by 
boiling  tetrazodiphenyl  nitrate  with  water  ; 

C6H4.(N2).O.N02  C6H4.OH 

I  +  20Ha  =  2NO2OH  +  2N2  +    I 

C6H4.(N2).O.N02  C6H4.OH 

It  crystallises  in  colourless  plates,  which  do  not  decompose  on  sub- 
limation. 

C6H4V 
Diphenylene  oxide,  C I  iH.  fi  =    \  /O,  results  when  phenol  is 

heated  with  plumbic  oxide,  or  phenyl  phosphoric  ether  with  excess 
of  lime  (§  961).  It  is  insoluble  in  water,  soluble  in  alcohol,  ether, 
and  benzene,  from  which  it  crystallises  in  plates  of  80°-81°  melting 
point,  boils  at  287°,  and  possesses  an  agreeable  odour. 

Phenyl  sulphide  (§  962)  is  decomposed  when  its  vapour  is 
passed  through  red-hot  tubes  into  hydrogen  and  diphenyl  sulphide, 
C6H4, 


i 


bH/ 


S,  colourless  needles  melting  at  97' 


Cceroulignone,  CieHieOe,  is  a  blue  substance  insoluble  in  alcohol 
and  ether,  obtained  during  the  purification  of  raw  pyroligneous  add, 
and  which  is  precipitated  from  its  phenol  solution  by  alcohol  in 
brilliant  steel  blue  needles.  It  is  converted  by  hydric  sulphide  or  by 
zinc  and  hydrochloric  acid  iato  hydrocosrotUignoyieyC^^TLifi^f  which 
further,  by  heating  with  hydrochloric  acid  to  200°,  yields  methyl 
chloride  and  hexahydroxy-diphenyl,  of  which  body  hydrocoeroulignone 
is  the  tetramethyl  ether.  The  reaction  is  represented  by  the  equation  : 

Ci2H4(OH)2(O.CH3)4  +  4HC1  =  4CH3CI  +  Ci2H4(OH)6. 

Hexahydroxy-diphenyl  ci7stalli8es  in  silvery  plates,  soluble  in 
water,  alcohol,  and  ether.  It  produces  a  beautiful  blue  violet  colour 
with  dilute  potash  solution. 
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With  acetic  anhydride  a  hezacetate  is  formed  : 

C,,H4(O.C,H30)e, 

ctystallising  in  prisms  melting  at  145**.     Heated  with  zinc  dust  it  is 
reduced  to  diphenjl : 

Ci,H4(OH)6  +  6Zn  =  6ZnO  +  C,sHio. 

Hydrocarhcns,  C13H12,  and  their  Derivatives. 

1145.  Diphenyl  methane,  CuHu  =  C6H.vCHj.C6H5,  or  meihemB 
diphenyl,  is  prepared  83mthetically  by  the  action  of  4  parts  zinc  dnst 
on  10  parts  benzyl  chloride  and  6  jiarts  benzene  at  a  gentle  heat : 

CgHs-CHjCl  +  CfiHe  =  HCl  +  C6H5.CH,.CeH6  ; 

also  by  allowing  a  mixture  of  methylal  (§  403),  benzene,  acetic  and 
concentrated  snlphmic  adds  to  stand  for  some  time  together  : 

CHa(O.CH,),  +  2CeHe  +  4HjS04  =  2CH3.HSO4  -f  2njSO^ 

+  CH,(C6H,)j; 

or  by  the  action  of  sulphuric  acid  on  benzylic  alcohol : 

C6H5.CH,.OH  +  CeHg  +  H3SO4  =  CfiHj.CHj.CeH^  +  H4SO5, 

and  further  by  the  reduction  of  some  of  its  oxy-derivatives. 

Diphenyl  methane  smells  like  oranges,  crystallises  in  needles,  melts 
between  26°  and  27°,  and  boils  at  26r-262^ 

1146.  Hydroxy-diphenyl  Methatie, — a.  Benzyl  phenol : 

^13^11^  =  CftHs.CHj.CfiH^.OH, 

is  obtained  similarly  to  diphenyl  methane  by  heating  benzyl  chloride, 
phenol,  and  zinc  dust.  It  crystallises  in  silvery  needles  melting  at 
84°,  cannot  be  distilled  without  decomposition,  and  is  not  easily 
soluble  in  water. 

/3.  Isomeric  with  a  is  the  secondary  alcohol,  diphenyl  carbinol,  or 
benzhydrdf  C6H5.CH(OH).C6H2,  the  rasult  of  the  action  of  sodium 
amalgam  on  a  weak  alcoholic  solution  of  benzophenone  (comp.  §  160). 

It  crystallises  in  silky  needles,  dif&cultly  soluble  in  water,  melting 
at  68°,  and  boiling  (with  partial  decomposition  into  water  and 
benzhydro-ether,  (C6H5)2CH.O.CH(C6H,)2)  at  297°- 298".  Oxidis- 
ing agents  reform  benzophenone.  £y  continued  boiling  with  acetic 
acid  henzhydrol  acetate,  (C6H5)2.CH.O.C2H30,  a  viscid  liquid  boiling 
at  301°-302°,  is  piwiuced. 

1147.  Benzophenone,  or  diphenyl  ketone : 

CisHjoO  =  CgHg.CO.CgHg, 

is  obtained,  together  with  benzene,  as  a  product  of  the  dry  distillation 
of  calcium  benzoate  (comp.  §  435)  by  heating  mercury  diphenyl  and 
chlor-benzoyl : 

(C6H5)aHg  +  ClCO.CeHs  =  CeH^.HgCl  +  CeH5.CO.CeH5, 

by  the  oxidation  of  diphenyl  methane  and  henzhydrol  with  Cr03  and 
dilute  sulphuric  acid,  and  by  heating  benzoic  acid,  benzene,  and  phos- 
phoric anhydride  for  several  hours  at  200°  : 

CeH5.CO.OH  +  CeHe  +  P2O5  =  2HPO3  +  CeH5.CO.CeHa. 
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It  ciystallises  in  large  rhombic  prisms  soluble  in  alcohol,  insoluble  in 
water,  melting  between  48°  and  49°,  often  solidifying  to  rhombohedra 
of  26°-27°  melting  point,  which,  however,  gradually  pass  into  the 
other  modification. 

Benzophenone  heated  with  phosphoric  chloride  produces  diphenyl 
carbon  dichloride,  (Cgl [5)3:0012,  a  liquid  boiling  with  partial  decom- 
position at  305°. 

A  further  derivative  of  this  group  in  dimeth-oxi/phenyl  methane, 

C  H  O  OH 
^^%  n^-g*  Q  nu^t  ^8  prepared  from  methylal,  anisol,  and  sulphuric 

acid  ;   it  melts  at  52°  and  distils  at  about  360°. 

1148.  Phenyl  tolueneyCi2Ri2  =  Ge^5'^B^A'^^3'  One  of  the  three 
isomers  of  this  body  is  obtained  by  the  action  of  sodium  on  a  mixture 
of  brom-benzene  and  orthobrom-toluene  as  a  thick  oil  boiling  at 
300°. 

The  following  two  phenyl  phenylene  carbonic  adds,  C13H10O2,  are 
derivable  from  the  phenyl  toluenes. 

1.  Paradiphenylrcarhonic  acid,  OgHg.OfjH^.CO.OH.  Phenyl 
phenylene  sulphonate  of  potassium  yields  by  dry  distillation  with 
potassic  cyanide  cyanrliph^Myl,  OgH5.O5H4.CN,  in  the  form  of  a 
crystalline  mass,  insoluble  in  OH2,  melting  at  84°  or  85°.  On  boiling 
with  alcoholic  potash  it  gives  ammonia  and  potassic  paradiphenyl 
carbonate.  The  free  acid  forms  grouped  needle-shaped  crystals  of 
219°  melting  point,  subliming  without  decomposition.  In  acetic 
solution  it  is  oxidised  by  chromic  acid  to  terephthalic  acid;  distilled 
with  lime  it  gives  diphenyl.  The  barium  and  calcium  salts  are 
exceedingly  insoluble  in  boiling  water. 

2.  The  isomeric  phenyl-benzoic  acid,  obtained  from  diphenyl 
ketone  by  fusion  with  potash  : 

OgH^.  OgH^.OO.OK 

I         00  +  KOH  =  I 
OgH4.  OgHs 

forms  a  colourless,  branching  crystalline  mass,  fusing  at  110°-111® 
and  giving  a  somewhat  eiisily  soluble  calcium  salt.  By  distillation 
with  lime  much  diphenylene  ketone  is  re-formed  and  very  small 
amount  of  diphenyl. 

Diphenylene  ketone,  0  y  2H8O,  results  from  the  distillation  of  diphenic 
acid  with  lime.  It  separates  from  alcohol  or  ether  solutions  in  large 
rhombic  crystals,  fusing  at  84°,  which  yield  diphenylene  methane : 

OgH4. 
CJiaHio  =  I         OHj 
OgH4. 
on  distillation  over  zinc  dust. 

The  same  compound  is  found  in  that  portion  of  coal  tar  distilling 

at  300°-305°.     It  may  be  purified  by  repeated  crystallisations  from 

alcohol,  and   then    forms  blue  fluorescent  plates,   therefore  called 

fluorene.    It  fuses  at  1 13°  and  distils  at  304°-305°,  and  gives  diphenyl 

ketone  on  oxidation. 

It  combines  with  nascent  hydrogen  to  form  diphenylene  carbinol, 
OgH^. 
OiaHg.OH  =   I         OH.OII,  or  fluorene    alcohol,  separating  from 

OgH^. 


M^l        VaarATT^B  of  CX;SJUGATIJv  hESZXSE  J 


nXtfJkafA  if*  KX-H»M  pUtei  of  fating  yxnx  153^,  umI  gnrin^ 
MiLv'irvi^  rlfeMbbie  crreul*  of  tiie  Atttotse,  mehzng  at  75% 
cixidiHAg  to  <lipbctkjleiMr  ketone. 


1149.  LKtolji  reeolto  €rom  the  'lelrommation  <^ 
hy  liifAiM  of  sr^am,  io  that  tLe  mechy]  groaps  mu^t  be  in 
t^mtifm.     It  CTTKUJliwA  in  moDoclinic  pmnis,  soiDevrhmt  freely  aofadilB 
tu  hrA  iJcobol  and  fofdng  nt  121'. 

QH^.CO.OH 
f/ip^^myUne  dUcarU/nie  acid,  C  j  4H  |  rfi^  :=  ,  is  doobi- 

\tm  A  AfiriwiktiyH  of  ditoljl,  althon^  not  vet  directtv  obtained  from.  it. 

It  liaM  Vjeen  prepared  from  diphenjlen^r  disiilpbooic  acid  (§  ]  144) 
hy  distill ini^  ito  fjotaMntun  ^alt  with  pout^idc  cyanide  and  heating  the 
dipfi^nyUru  dicj;/ani/U,C  i^H  ^fCS }  2  (needles  melting  at  254  ^)y  prodiaoed 
U»  1 W'  with  oonoentraUiid  hydjYx^falonc  acid. 

T\tfi  free  acid  (which  in  donbtleRs  the  para  oomponnd)  is  a  white 
powder,  infumble,  insoluble  in  water,  alcohol,  and  ether,  and  cannot 
m  Htiblim^arL  It  giveH  an  insoluble  barium  sdt,  and  yields  di{^enjl 
on  diM,illatiori  witlj  lime. 

Tbf;  'iMmtsric  diph^nic  aci/l,  probably  the  ortho  oomponnd,  resoItB 
frr>m  the  oxi<lation  of  phenanthrene  with  chromic  acid.  It  fomis 
natstlien  M^^mewhat  soluble  in  hot  water,  easily  in  alcohol  and  ether, 
and  melting  at  226°,  and  yielding  principalis/  diphenylene  ketone  on 
heating  with  lime : 

I  rja  =  CaCO,  +  I         CO 

CeH^.CO.O.  c^n,, 

ItH  Vjarium  salt,  C|4HgBa04  +  4OH2,  is  easily  soluble  in  water 
and  crystallises  well. 

2.  Benat/l  Toluene,  C6H5.Cn2.C6H4.CH3. 

1150.  A  mixture  of  hydrocarbons  of  this  formula  is  obtained, 
similarly  to  dipheuyl  methane  (§  1145),  by  heating  benzyl  chloride 
with  toluene  and  zinc  dust : 

CflHft.CHjCl  +  CfHft.CH3  =  HCl  +  C6H5.CH2.C6H4.CH3 ; 

alno  by  the  a^rtion  of  iodine  on  toluene  at  250°,  and  by  heating  benzyl 
chloride  and  water  at  190°.  The  individual  hydrocarbons  of  this 
mixture  cannot  be  separated  by  diKtillation,  as  the  mixtiire  boils 
constantly  at  279°,  and  no  solid  body  is  deposited  even  on  cooling 
to  -30°. 

Uy  the  oxidation  of  the  mixture  phenyl-tolyl  ketones  are  first 
formed,  and  later  the  two  l^nzoyl  benzoic  acids. 

Phenyl-tohjl  ketones^  C6Hg.CO.C6H4.CH3.  At  least  two  com- 
]KUinds  of  this  formula  result  fi*om  the  oxidation  of  the  benzyl  toluenes, 
IU4  also  by  heating  l)enzoic  acid  and  toluene  with  phosphoric  anhydride 
(§  1 147)  and  by  the  dry  distillation  of  a  mixture  of  calcium  benzoate 
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and  paratoliiate.  From  the  oily  mixture  of  products  the  phenylrparti- 
tolyl  ketone  is  separated  by  cooling  in  colourless  prisms,  melting  at 
56°-57°,  lK)iling  at  313^-314°,  little  soluble  in  alcohol.  Heated  to  250° 
with  soda  lime,  benzene  diistils  over  and  sodium  para-toluate  is 
formed : 

C6H5.CO.CeH4.CH3  +  NaOH  =  CeHg  +  NaO.CO.C6H4. OH,. 

The  liquid  bodies  formed  at  the  same  time  as  the  phenyl-paratolyl 
ketone  have  not  as  yet  been  separated  in  a  pure  state. 

1161.  Benaoyl  benzoic  acids,  Gi^K^qO^  =  C6H5.CO.C6H4.CO.OH, 
obtained  from  the  benzyl  toluene  mixture  or  the  ketones  just  de- 
scribed, may  be  separated  by  means  of  cold  water. 

(1)  Parabenzoyl  benzoic  acid,  prepared  from  solid  phenytolyl 
ketone,  is  almost  insoluble  in  cold  water,  crystallises  in  thin  shining 
plates,  fusing  point  194°,  which  may  be  sublimed. 

Nascent  hydrogen  in  alcoholic  solution  converts  it  into  benzhydryl 
benzoic  acid,  C^HiaOa  =  C6H5.CH(OH).C6H4.CO.OH,  crystallising 
in  radiating  grouped  needl&s  of  melting  point  164°- 165°,  easily 
soluble  in  boiling  water.  Heated  with  hydriodic  acid  to  160®  it  is 
reduced  to  betizyl  benzoic  octc?,  C,oHi202  =  C6H5.CH2.C6H4.CO.OH, 
needles  or  plates  melting  at  155°. 

(2)  fl'Benzoyl  benzoic  acid  solidifies  from  water  in  broad  needles 
of  the  formula  Ci4H,o03,20H2,  which,  when  hydrated,  melt  at 
85°  or  87°,  when  anhydrous  at  127°-128°. 

3.  Dibenzyly  C6H5.CH2.CH2.C6H5. 

1152.  Dibenzyl  is  obtained  by  the  dechlorination  of  benzyl  chloride 
by  sodium  in  large  colourless  pnsms  melting  at  52°  and  boiling  at 
284°.     It  is  easily  soluble  in  alcohol. 

The  same  hydrocarbon  group  is  contained  in  stilbene,  and  proba- 
bly also  in  tolane. 

/S'^iZ^w^,  C14H12  =  CeHg.CH  :  CH.CeHjjOr  toluylene,is  prepared 
by  passing  the  vapours  of  toluene  or  of  dibenzyl  over  heated  plumbic 
oxide : 

C6H5.CH2.CH2.C6H5  +  PbO  =  Pb  +  OHj  +  C6H5.CH  :  CH.C6H5, 

by  the  action  of  sodium  on  benzoic  aldehyde,  and  by  some  reactions 
of  the  oxygen  derivatives  of  dibenzyl,  yet  to  be  described. 

It  crystallises  from  its  hot  alcoholic  saturated  solution  on  cooling 
in  lai'ge  thin  colourless  plates,  melting  at  120°  and  boiling  between 
306°  and  307°.  Heating  with  hydriodic  acid  converts  it  into 
dibenzyl : 

CfiHg.CHiCH.CgHj  +  2HI  =  I2  +  C6H5.CH2.CH2.C6Hft. 

Chromic  acid  oxidises  it  to  benzaldehyde  and  benzoic  acid.  It  com- 
bines with  bromine  to  form  a  crystalline  stilbene  dibromide  : 

C6H5.CHBr.CHBr.C6H5, 

which  is  converted  by  alcoholic  potash  first  into  monobrom-stilbene, 
C6H5.CH:CBr.C6H5,  and  finally  into 

7\)Zan«,  C 1 4H 10  (=  C6H5.C  ':  C.C6H5  ?),  which  separates  from  alcohol 
or  ether  solution  in  colourless  crystals  melting  at  60°,  and  giving  with 
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bromine  two  isomeric  dibromides,  C|4Hio£r2,  a  in  scaly  crystals 
melting  between  200°  and  205°,  and  /3  crystallising  in  needles  and 
melting  at  64°.     (For  tolane  chlorides  see  under  benzil,  §  1154.) 

1163.  Uydroxyl  derivatives  of  dibemt/l  are  obtained  from  the 
ketone  derivatives  or  from  benzaldehyde  bv  nascent  hydrogen. 

Toluyle7ie  hydrate,  CuHnO  =  C6H5.CH2.CH(OH).C6H„  is  ob- 
talned  by  the  action  of  nascent  hydrogen  on  desoxybenzoln,  and 
thei^fore  also  from  benzoin,  in  alcoholic  solution.  It  cr3r8talliseB  in 
long  brittle  needles  of  62°  fusing  point,  insoluble  in  water,  but  dis- 
solving in  alcohol  and  ether,  and  giving  with  chlor-acetyl  a  thick  liquid 
acetate,  C14H13.O.C3H3O.  On  boiling  with  dilute  sulphuric  acid  it 
splits  up  into  water  and  stdlbene. 

Hi/dr(hbenz<nn,Cu^xA02  =  C6H.vCH(0H).CH(0H).C6H5,  is  pre- 
pared from  benzoin  by  the  agency  of  nascent  hydrogen  or  alcc^olic 
potash,  also  along  with  the  following  substances  by  the  treatment  ai 
benzaldehyde  with  sodium  amalgam  or  zinc  and  hydrochloric  acid  : 

CfiH^.CH :  0  CgHj.CH.OH 

CeHj.CH :  0  CeHg.CH.OH 

It  crystallises  in  rhombic  tables  of  132*5°  melting  point,  not  difisolving 
easily  in  water.     With  chlor-acetyl  it  gives  a  diacetate  : 

c  J  4H,  2(0.021130)2, 

crystallising  in  prisms  of  134°  melting  point.  Phosphorus  penta- 
chloride  giyes  stilbene  cftcA^r^e,  C14H12OI2.  Nitric  acid  reproduces 
benzoin  by  oxidation. 

The  isomeric  isohydro-henzdin  is  also  formed  by  the  action  dt 
sodium  amalgam  on  benzaldehyde  solution  in  alcohol.  It  crystallises 
from  water  in  efflorescent  piisms,  from  alcohol  anhydrous  in  hexa- 
gonal forms,  melting  at  119'5°.  It  is  more  i*eadily  soluble  in  alcohol 
than  hydro-benzoin.  Its  diacetate  forms  plates  of  117°-118°  melting 
point. 

Isohydro-benzoin  also  yields  benzaldehyde  on  oxidation,  and  hence 
appears  to  have  the  same  constitution  as  benzoin. 

1154.  Ketonic  Derivatives  of  Dibenzyl. — 1.  Desoocyhenzcfin : 

^14^12^  =  C5H5.CO.CH2.CgH5, 

or  phenylrhenzyl  ketone,  results  along  with  hydro-benzoin  and  toluylene 
hydrate  from  the  action  of  zinc  and  HCl  on  an  alcoholic  solution  of 
benzoin;  also  by  heating  brom-stilbene  with  water  to  180°,  by  oxida- 
tion of  toluylene  hydrate  with  dilute  nitric  acid,  and  by  dry  distilla- 
tion of  a  mixture  of  calcic  phenyl  acetate  and  benzoate. 

It  crystallises  from  alcohol  in  large  colourless  tables,  melting  at 
55°,  which  when  treated  with  phosphoric  chloride  give  hydrochloric 
acid  and  monchlor-stilbene.  With  hydriodic  acid  at  a  high  temperature 
dibenzyl  is  produced. 

2.  Bmzmn,  C14H12O2  =  C6H5.CO.CH(OH).C6H5,  is  prepared 
by  gently  warming  hydro-benzoin  with  concentrated  nitric  acid,  and 
by  the  action  of  an  alcoholic  potassic  cyanide  solution  on  benzaldehyde : 

2C6H5.CH:0  =  C6H5.CO.CH(OH).C6H5. 

It  forms  colourless  prisms  of  1 33^-1 34°  melting  point,  difficultly  soluble 
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in  water,  alcohol,  and  ether,  and  gives  an  acetate,  Cj4Hn(O.C2H30)0, 
with  chlor-acetyl. 

Chromic  acid  produces  benzaldehyde  and  benzoic  acid  : 

C6H6.CO.CH(OH).C6H5  +  0  =  CeH5.CO.OH  +  CHO.CeHs. 

3.  Beiizil,  C^HioOa  =  CgHs.CO.CO.CgHg,  is  the  product  of  the 
oxidation  of  benzoin  with  nitric  acid,  and  is  also  obtained  by  heating 
stilbene  dibromide  with  water  and  silver  oxide  to  200°,  tolane  being 
simultaneously  produced.  It  separates  from  alcohol  in  six-sided 
prisms  of  90^  melting  point,  which  are  quite  insoluble  in  water. 
Chromic  and  sulphuric  acids  oxidise  it  completely  to  benzoic  acid. 
Nascent  hydrogen  reproduces  benzoin.  Phosphoric  chloride  at  a 
gentle  heat  gives  chlor-benzil,  CoHg.CCla.CO.CgHg;  at  200°  tolane 
tetrachloride,  C6H5.CCI2.CCI2.C6H5.  The  former  crystallises  in 
rhombic  prisms  and  tables  of  fusing  point  71°,  which  are  reduced  by 
zinc  and  hydrochloric  acid  to  desoxybenzoi'n ;  the  latter  is  also  crystal- 
line and  gives  tolane  with  sodium  amalgam. 

4.  Diphenyl  Etha/ne,  (C6H5)2.CH.CH,. 

1166,  This  hydrocarbon  can  be  prepared,  analogously  to  the  pi*o- 
duction  of  diphenyl  methane  from  methyl  aldehyde  and  benzene,  by 
the  action  of  ethyl  aldehyde  on  benzene : 

2C6H6  +  COH.CH3  =  OH2  -f  (C6H5)a.CH.CH3. 

The  best  mode  of  pi*ocedure  is  to  gradually  mix  1  part  of  paral- 
dehyde with  100  parts  of  concentrated  sulphuric  acid  and  then  add  the 
benzene.  The  tarry-looking  substance  precipitated  by  water  is  washed 
out  with  ether  and  the  latter  fractionally  distilled.  Diphenyl  ethane 
is  a  colourless  liquid  boiling  at  270°,  and  solidifying  under  0°.  Chloral 
and  bromal,  treated  in  similar  manner,  yield  dipJienyl  trichhr-ethane, 
(C6H5)3 :  CH.CCI3,  and  diphenyl  tribrom-etkane,  (CeHs)^ :  CH.CBr3, 
both  being  crystalline  and  melting  respectively  at  64°  and  89°.  By 
the  long-continued  action  of  sodium  amalgam  on  the  alcoholic  solutions 
of  both  substances,  and  heating  this  product  to  210°  with  hydriodic 
acid  and  amorphous  phosphorus,  diphenyl  ethane  is  produced,  which 
is  oxidised  by  chromic  acid  to  diphenyl  ketone : 

C6H5.CH.C5H5 

I  +  50  =  CO2  +  20Ha  +  CflH5.CO.CeH5 

CH3 

A  mixture  of  monochlor-aldehyde  (§  652)  and  benzene  by  addition  of 
sulphuric  acid  is  converted  into  diphenyl  Mor-etlicme  : 

(C6H5)a:CH.CH2Cl, 

with  liberation  of  hydrogen.     It  has  not  yet  been  isolated  in  the  pure 
state,  but  by  boiling  with  alcoholic  potash  gives 

Diphenyl  ethylene,  C 1 4H,  2  ^  (C6H5)2 :  C : CH2, a  colourless,  agreea- 
bly smelling  oil  of  277°  boiling  point,  easily  oxidisable  to  COajOHj, 
and  diphenyl  ketone.  By  dry  distillation  hydrochloric  acid  is  eliminated, 
whilst  an  internal  molecular  change  takes  place,  by  which  the  diphenyl 
ethylone  passes  into  the  isomeric  body  stilbene  (§  1161) :  . 

CflHs-  CflH5.0H 

CH.CH2CI  =  HCl  +  I 

CflH5.  OeH5.CH 
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Dipheni/kne-hydrate-trichlor-ethanef  (HO.C6H4)2:CH.CCl3,  is 
formed  by  the  action  of  stronsr  sulphuric  acid  on  a  mixture  of  chloral 
and  phenol.  It  crystallises  from  a  mixture  of  benzene  and  alcohol  in 
white  ciystals,  which  decompose  at  their  melting  point,  202°.  The 
alcohoUc  solution  boiled  with  zinc  dust  gives  diphenylene-hydraU- 
ethi/lene,  C,4Hi302  =  (H0.06H4)2  :C  rCHg,  the  crystals  of  which  are 
small  and  decompose  when  melting  at  280°. 

1156.  The  two  following  acids  may  both  be  considered  to  be 
derived  from  the  carbon  nucleus  of  diphenyl  ethane : — 

Diplienyl  acetic  acid,  Cj 4X1,202  =  (C6H5)2:CH.CO.OH,  isomeric 
with  benzyl  benzoic  acid  (§  1151),  obtained  by  heating  phenyl-brom- 
acetic  acid  (§  1081)  with  zinc  dust  and  benzene  : 

CeH5.CHBr.CO.OH  +  CfiHg  =  HCl  +  (C6H5)2:CH.CO.OH, 

and  by  the  reduction  of  benzylic  acid  with  hydric  iodide,  crystallises 
from  hot  aqueous  solutions  in  fine  needles,  from  alcohol  in  leafy 
crystals,  melting  at  1 40°  and  decomposing  on  sublimation.  Its  ethyl 
salt,  (C6Hft)2:CH.CO.O.C2H5,  crystallises  in  prisms,  melting  at  57°- 
58°;  the  easily  soluble  barium  salt,  (Ci4H,i02)2Ba -|- 2OH2,  in 
grouped  needles.  Both  the  acid  and  its  salts  yield  diphenyl  methane 
on  dry  distillation : 

(C6H5)2:CH.CO.OH  =  CO2  r  (C6H5)a:CHj. 

•     Diphenyl  glycolic  acid,  or  benzilic  acid  : 

OmH,203  =  (Cr,H,)2.C(0H).C0.0H, 

isomeric  with  benzyl-hydryl  benzoic  acid  (§  1151,  1),  results  from  an 
intermolecular  change  on  heating  l)enzil  (§  1154)  with  excess  of 
alcoholic  potash  solution  until  the  violet  colour  of  the  solution  has 
passed  into  bright  yellow  : 

CfiHfi.CO.CO.CeHs  +  OKH  =  p,6^^C(0H).C0.OK. 

Fused  diphenyl-acetic  acid  is  convei*ted  by  bromine  vapour  into 
diphenyl-brom-acetic  acid,  (C6H5)2CBr.CO.OH,  which  by  long  boiling 
with  water  yields  benzilic  acid  and  hydric  bromide. 

Benzilic  acid  crystallises  in  monoclinic  prisms,  melting  at  150°, 
soluble  in  hot  water  and  alcohol.  At  a  high  temperature,  and  also  by 
warming  with  hydric  sulphate,  it  becomes  coloured  deep  red,  and  gives 
on  oxidation  diphenyl  ketone.  Hydric  iodide  reduces  it  on  heating 
to  diphenyl  acetic  acid  (comp.  §  706),  and  when  distilled  with  baric 
hydrate  benzhydrol  (§  1143,  2)  is  produced. 

Hydrocarbons y  CjsHig,  and  their  Derivatives. 

1167.  1.  Benzyl-ethyl  benzene,  C6H5.CH2.C6H4.C2H..^,  is  obtained 
by  heating  benzyl  bromide  and  eth\l  benzene  with  zinc  dust  as  an 
oil  boiling  between  294°  and  295°. 

C  H   OH 
2.  Ditolyl  methane,  OH2:  Q^rT^'Q-rr^j  results  from  the  dehydrating 

action  of  sulphuric  acid  on  a  mixtui-e  of  methylal  and  toluene  (§11 45). 
It  is  a  blue  fluorescing  oil  of  agreeable  smell,  boiling  at  290°,  which 
by  careful  oxidation  3rields  ditolyl  ketone : 

C,sHuO=(CH,.CsH,),:CO, 


k 
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crystallisiDg  in  rhombic  crystals,  soluble  in  alcohol,  insoluble  in  water, 
and  combining  with  nascent  hydrogen  to  form  ditolyl  carhinol : 

CisHieO  =  (CH3.C6H4)2:CH(OH), 

in  fibrous  crystals,  melting  at  69°.  Ditolyl  ketone  on  further  oxida- 
tion yields  tolyl  ketone  benzoic  acid  : 

It  fuses  at  222°  and  forms  fine  needles  difficultly  soluble  in  alcohol. 

3.  Dibenzyl  ketone,  (C6H5.CH2)2CO,  is  isomeric  with  ditolyl  ketone, 
and  may  be  regarded  as  derived  from  the  as  yet  unknown  hydro- 
carbon CeHg.CHj.CHa.CHj.CgHs ;  it  is  obtained  by  the  dry  distil- 
lation of  calcic  phenyl-acetate,  and  is  a  crystalline  body  mcdting  at 
30°  and  boiling  between  320°  and  321°. 

1158.  A  short  description  of  the  higher  homologues  of  this  group 
will  sufiSce. 

2>i^o^y/ e^Aawe,  CigH, 8  =  (0113.06114)2:  CH.CH3,  prepared  from 
para-aldehyde,  toluol,  and  hydric  sulphate,  is  an  oil  boiling  at  295°- 
298°,  which  gives  on  oxidation  water,  carbonic  anhydride,  and 
ditolyl  ketone. 

Dimesityl  methmve,  O19H24  =  [(0113)3  •  C6H2]2  :  OH2,  obtained 
from  methylal  and  mesitylene  by  heating  with  hydric  sulphate, 
crystallises  in  large  colourless  monoclinic  prisms  of  fusing  point 
130°. 

Dibenzyl  dicarho7iic  add,  or  diphenyl  succinic  acid,  OigHi404,  may 
be  described  in  this  group ;  it  is  obtained  ajs  its  ethyl  salt  by  long- 
continued  heating  of  ethylic  phenyl-brom-acetate  with  alcohol  and 
KCN  at  100°  : 

2O6H5.CHBr.OO.OH  +  2K0N  =  2KBr  +  (ON)a 

O6H5OH.OO.O.O2H5 

+  I 

O6H5OH.OO.O.O2H5 

On  saponifying  the  ethylic  salt  with  potassic  hydrate  and  neutral- 
ising with  hydrochloric  acid  the  free  acid  is  obtained.  It  forms  colourless, 
hard,  difficultly  soluble  prisms  of  the  formula  Oi6H,404  -h  OH2, 
fusing  first  at  182°,  then  solidifying  and  again  melting  at  222°.  On 
distillation  with  lime  dibenzyl  and  stilbene  are  produced. 

Anthracene  and  its  Derivatives, 

1159.  Anthracene,  O14H10  =  06H4*^tx*  O6H4,  is  a  large  con- 
stituent of  the  high  boiling  portions  of  coal-tar  oil,  from  which  it  is 
obtained  by  repeated  distillation  and  recrystallisation  of  the  solid 
fractions  from  benzene.  As  this  method  always  yields  a  yellow- 
coloured  product  it  is  further  sublimed  at  as  low  a  temperature  as 
possible  in  a  rapid  stream  of  air,  and  finally  bleached  by  exposure  to 
simlight  in  solution  in  benzene.  The  colourless  solution  after  filtration 
from  para-anthracene  yields,  on  evaporation  of  the  solvent,  pure  an- 
thracene. 

Many  synthetic  methods  for  the  production  of  anthracene  are 
known.    Ainongst  others  may  be  mentioned  passing  the  vapour  of 
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toluene  through  strongly  heated  tubes  filled  with  pumice  or  plunbie 
oxide : 

2C6H5.CH3  =  3H2  +  CeH.rCjHjzCeH^  ; 

by  heating  phenyl-tolyl  ketone  (liquid)  (§  1150)  with  zinc  dust: 

CeH5.CO.C6H,.CH3  +  Zn  =  ZnO  +  H^  +  C,,H,o; 

and  from  benzyl  chloride  (§  1027)  by  heating  with  water  to  190°. 
By  this  reaction,  however,  a  number  of  products  are  formed,  which 
by  distillation  give  anthracene  along  with  benzyl  toluene,  benzyl  ether, 
kc.  Anthracene  is  finally  obtained  by  the  distillation  of  all  ite  deriva- 
tives over  heated  zinc  dust. 

Perfectly  pure  anthracene  crystallises  in  colourless  rhombic  tabks 
having  a  magnificent  blue  fluorescence.  It  melts  at  213^  and  boils 
somewhat  over  360°.  It  is  totally  insoluble  in  water  and  only  very 
slightly  so  in  alcohol  and  ether.  Warm  benzene  dissolves  it  more 
readily. 

When  concentrated  solutions  of  anthracene  and  trinitro-pheiiol 
are  mixed  beautiful  red  needles  of  the  compound 

CuH,o,2CeH2(N02)3.0H 
separate. 

Para-anthracene,  isomeric  or  polymeric  with  anthracene,  separates 
from  the  solutions  of  the  latter  when  ex^xxsed  to  sunlight.  It  differs 
from  anthracene  by  its  insolubility  in  benzene,  its  greater  stability,  and 
complete  resistance  to  the  action  of  bromine  or  concentrated  nitric 
acid.  It  melts  at  244°,  being  at  the  same  time  converted  into  onlinaiy 
anthracene. 

1160.  Hydrides  of  Anthracene, — These  compounds  may  be  ob- 
tained by  heating  anthracene  with  hydric  iodide  and  phosphorus.  At 
a  temperature  of  160°-170°  anthracene  dihydride,  CnHu,  is  pro- 
duced, the  same  body  being  also  formed  when  anthracene  is  heated 
with  sodium  amalgam  and  alcohol  for  a  long  time.  This  substance 
crystallises  in  small  colourless  monoclinic  tables,  which  dissolve  easily 
in  alcohol  and  ether,  melt  at  106°,  and  boil  at  305°.  At  a  red  beat 
it  is  again  broken  up  into  anthnicene  and  hydrogen ;  also  by  heating 
with  concentrated  hydric  sulphate,  with  reduction  of  the  latter  to 
sulphite.  By  very  long  continued  heating  of  anthracene  with  hydric 
iodide  and  phosphorus  to  about  220°  anthracene  hexakydride,  C14H1J, 
is  produced,  which  also  forms  leafy  crystals,  easily  soluble  in  alcohol 
and  ether,  melting  at  63°,  and  boiling  at  290°.  It  behaves  similarly 
to  the  dihydride  when  heated  with  stdphuric  acid. 

1161.  Halogen  Derivatives  0/  Anthracene. — Chlorine  and  bromine 
form  both  addition  and  substitution  products  with  anthracene. 
Chlorine,  for  instance,  forms  in  the  first  instance  an  anthrtioene 
dichloride,  Ci4H,oCl2,  crystallising  in  long  needles,  from  whidi 
alcoholic  potsish  removes  one  atom  of  chlorine,  yielding  monochlor' 
anJthracenty  small  scaly  cryBtals  resulting.  The  same  body  also  results 
from  heating  anthracene  in  a  stream  of  chlorine  gas.  Other  chlor- 
substitution  products,  CuHgOlj  and  Cj^HeCl^,  crystallise  in  yellow 
needles,  of  209°  and  220°  melting  points  respectively. 

On  adding  bromine  to  a  solution  of  anthracene  in  sulphide  of 
carbon  the  sole  product  is  dibrom-anthracene,  Ci4HgBr2,  golden  yellow 
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needles  melting  at  221°,  which  on  heating  with  alcoholic  potash  to 
160°  is  reduced  to  anthnicene  with  simultaneous  oxidation  of  the 
alcohol.  Dibrom-anthracene  combines  directly  with  bromine  to  form 
dibrom-a7Uhracp.ne  tetrabromide,  Ci4H3Brg,  the  satae  body  being  also 
formed  by  the  action  of  bromine  vapour  on  finely  divided  anthracene. 
It  crystallises  in  colourless  tables,  which  melt  between  170°  and  180°, 
decomposing  at  the  same  time  into  trthrom-cmthrdcene  : 

^uHyBrg, 

yellow  volatile  needles,  melting  at  169°.  Dibrom-anthracene  tetra- 
bromide  heated  with  alcoholic  potash  yields  tetrabroni-anthrcicene, 
CuH6Br4,  melting  at  254°. 

Oxygen  Derivatives  of  Anthracene. 

CO 
1162.  Anthraqui7ione,  C14H8O2  =  CqK^' ^^qG^TI^.       The    best 

method  for  the  preparation  of  anthraquinone  is  by  oxidation  of 
anthracene  dissolved  in  glacial  acetic  acid  with  potassic  dicbromate. 
Nitric  acid  and  dichlor-  or  dibrom-anthracene  may  also  be  used. 

Conclusive  proofs  of  the  constitution  of  anthraquinone  as  a 
double  ketone  are  furnished  by  its  synthetical  methods  of  preparation. 
For  instance-  - 

Liquid  phenyl-tolyl  ketone  passed  in  a  state  of  vapour  over  heated 
plumbic  oxide  yields  anthraquinone ;  it  is  also  obtained  by  heating 
/^-benzoyl  benzoic  acid  (§  1151)  with  phosphoric  anhydride  to  200°  : 

/CO.OH  p^ 

CeH/      ^CeHs  -f  P^O^  =  2HPO3  +  CeH/^gCgH^ ; 

by  heating  phthalyl  dichloride  to  220°  with  benzene  and  zinc  dust : 

CgH4'QQQj  -f  CfiHfi  =  2HC1  +  C6H4*qq'06H4. 

From  its  formation  from  phthalyl  dichloride  it  seems  pretty  conclusive 
that  the  CO  gioups  are  in  the  oHlio  position  to  at  least  one  of  the 
benzene  gix)ups : 

H 


H.y.CO.^«^< 

H 

After  being  sublimed  anthi*aquinone  forms  biilliant  yellow  needles, 
melting  at  273°,  which  are  easily  soluble  in  hot  benzene,  only  slightly 
so  in  cold  benzene,  or  alcohol,  or  ether.  It  is  reduced  by  heating  with 
hydric  iodide,  phosphonium  iodide,  or  zinc  dust,  to  anthracene.  Potash, 
when  heated  with  it  to  250°,  spUts  it  up  into  benzoic  acid : 

C6H4^^;C6H4  +  2K0H  =  2CeH5.CO.OK. 

Distilled  with  soda  lime  it  yields  benzene  : 

C6H4*^Q  C6H4  +  4NaH0  =  2NaaC0,  +  2C6H6. 
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Phosphoric  pentachloride  gives  a  mixture  of  tri-  and  tetra-ehlor-aih 
thraoene. 

Anthrahydroqmnoney     C8H4'^q  '       ^:C6H4,    is    obtained,    by 

warming  anthraquinone  with  zinc  dust  and  caustic  potash,  and 
neutralising  its  yellow  solution  with  HOI,  as  a  yellow  substance  which 
re-oxidises  on  exposure  to  the  air  in  a  moist  state. 

1163.  Hctlogen  Substitution  Products  of  Anthraquinone. — ^Tetra- 
chlor-anthracene  gives,  on  oxidation,  yellow  needles  of  dichlor-anthr€h 
quinone : 

CCl 
OsH/  I     'CfiHaCla  +  OH2  +  O  =  2HC1 
.001. 

+  06H4*QQ*06H20l2. 

Similarly  on  oxidation  tribrom-anthracene  gives  colourless  needles  of 
brom-anthraquinone,  melting  at  187°;  and  tetrabrom-anthraoene 
jieids  dihrom-anthra quinone,  C^J^lr{Q'Br20i'  The  latter  may  also  be 
formed  by  heating  anthraquinone  with  two  molecules  of  bromine  at 
100°.  It  crystallises  in  bright  yellow  needles,  which  may  be  sub- 
limed. 

1164.  Nitro-  and  Amido-Anthraquinonea, — J!^itro-<inthr€tquinonef 
Oi4H7(N02)02»  is  obtained  by  boiling  a  solution  of  anthraquinone  in 
the  strongest  nitric  add,  as  a  bright  yellow  powder,  melting  at  230° 
and  subliming  in  needlea  It  is  only  easily  soluble  in  glacial  acetic  acid. 
On  warming  with  a  solution  of  potassium  thiohydrate  it  is  reduced 
to  amido-anthraquinone,  0,4H7(NH2)02,  a  vermilion  red  powder, 
melting  at  256°,  which  dissolves  in  acetic  acid,  but  does  not  form  salts 
with  minei*al  acids. 

In  the  preparation  of  anthraquinone  by  warming  anthracene  with 
dilute  nitric  acid  a  small  quantity  of  dinitro-anthraquinone  : 

C„He(NO,),Oj, 

is  also  produced,  and  may  be  separated  from  the  anthraquinone  by 
its  less  solubility  in  alcohol. 

Isodinitro-anthraquinone,  obtained  by  warming  anthraquinone 
and  nitro-anthraquinone  with  nitro-sulphuric  acid,  crystallises  from 
chloroform  in  small  bnght  yellow  monclinic  prisms,  which  soften  at 
252°  and  sublime  undecomposed  at  a  higher  temperature.  Tin  and 
hydrochloric  acid  reduce  it  to  isodiamido-anthraquinone  : 

^14^6.(^112)202, 
melting  at  236°  and  forming  red  needles,  which  dissolve  in  strong 
acids  and  is  reprecipitated  unchanged  on  dilution. 

1165.  Anthraquinone  Sulphonic  Adds, — By  heating  anthraqui- 
none with  twice  its  weight  of  sulphuric  acid  to  250°  anthraquinone 
sulphonic  acid  is  produced,  Ci4H7(S03H)02.  Similarly  treated  with 
four  to  five  times  its  weight  of  sulphuric  acid,  anthraquinoiie  di- 
sulp^wnic  rtcwf,  Oi4H6(S03H)202,  results.  Both  acids  ai-e  yellow 
crystalline  bodies,  soluble  in  water  and  alcohol,  and  give   barium 

salts,  the  baiic  disulphonate,   0,4U602'aQ^'QBa,  being  easily  solu- 
ble in  water. 
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1166.  ffydraxy'anthriiqui7um68,Ci4Hfii  =  Ci^IL'i.{013L),02»  Two 
iBomers  are  known. 

1.  Oan/anthraquinone  is  formed  by  careful  fusion  of  brom-anthra- 
quinone  or  anthraqtunone  sulphonic  acid  with  potash  : 

Ci4H7(S02.0K)02  -f  2K0H  =  K^SO,  +  OH^  +  Ci4H7(OK)02. 

Potassic  alizarate  easily  results  from  the  further  action  of  the  potash  : 

CuH7(0K)0a  +  OKH  =:  CuHe(OK)202  +  H-j. 

On  treating  with  dilute  HCl  a  mixture  of  alizarine  and  oxyanthra- 
quinone  is  precipitated,  which  on  boiling  with  BaCOs  is  converted 
into  the  barium  derivatives  of  the  two  bodies.  That  of  oxyanthra- 
quinone  being  soluble,  it  is  easily  separated  &om  the  alizarine  by 
solution  and  subsequent  decomposition  with  HCl. 

Amido-anthraquinone  is  converted  by  treatment  with  nitrous 
acid  and  subsequent  boiling  of  the  product,  diazo-anthraquinone, 
with  water  into  oxyanthraquinone.  S3mthetically  oxyanthraqui- 
none  is  obtained  by  heating  phthalic  anhydride  with  salicylic  add  and 
sulphuric  add  : 

CfiH/^^O  +  HO.CO.C6H4.OH  =  COa  +  OHa 

It  crystallises  in  yellow  needles  or  plates,  melting  between  268^  and 
27P,  and  may  be  sublimed.  It  gives  with  the  alkalies  and  alkaline 
earths  soluble  red  or  red-brown  compounds ;  with  acetic  anhydride  a 
colourless  acetate,  Ci4H7(O.C2H30)02,  which  crystallises  in  needles 
and  melts  at  158°. 

2.  By  heating  phthalic  anhydride  with  phenol  and  sulphuric  acid 
to  a  high  temperature  (§  1175)  a  mixture  of  oxyanthraquinone 
with  an  isomeric  erythro-oxyanthraquinone  is  produced ;  the  latter 
body  is  precipitated  by  water  in  yellow  flocks.  Erythro-oxyanthra- 
quinone  forms  insoluble  compounds  with  baric  and  calcic  hydrates, 
which  are  decomposed  by  carbonic  acid,  by  which  means  it  is  easily 
separated  from  oxyanthraquinone. 

Erythro-oxyarUhraquhione  crystallises  in  orange  yellow  needles, 
melting  between  173°  and  180°,  and  sublimes  at  about  150°; 

1167.  Dihydroxy-antJir<iqui7wne8yQi^Q(OH)202'  Several isomera 
of  this  formula  are  known  in  which  the  two  hydroxyl  groups  may  be 
combined  to  one  or  dividedbetween  the  two  phenyl  groups.  The 
constitution  of  several  of  these  isomers  is  quite  unsown;  they 
are,  however,  all  reduced  to  anthracene  at  a  high  temperature  by  zinc 
dust. 

1.  Alizarine, — Alizarine  is  obtained  as  a  potassium  compound  by 
heating  disubstituted  anthraquinones — dichlor-,  dibrom-anthraquinone, 
and  anthraquinone  disulphonic  add — with  caustic  potash  to  250°- 
270°: 

Ci4H6(S02.0K),02  +  40KH  =  2SO3K2  +  ^^^^^{OK)^^ 

+  2OH2; 

and  also  from  monosubstituted  anthraquinones,  which  pass  first  into 
oxyanthraquinone  j  and  finally  by  melting  with  potash  into  dihydroxy- 

Y  Y 
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antimqnmoDe  (§  1166).      On  diasolTing  the  fbsed  product  in 
and  adding  HCl  alizarine  is  precipitated,  and  purified  bv  si 
or    recrjstaUisation   from   alcdioL     £nrthrcH>xTanthraqmnaQe   also 
yields  aliz&rine  when  melted  with  potaah. 

The  oon2$titation  of  alizarine  is  shown  bv  its  synthe^  from  pl&thalic 
anhydride  and  pTrocatecfain  when  heated  with  sulphuric  acid  to  140^. 
The  brown  liqind  gives,  on  addition  of  water,  a  bla^  prectpctatey  from 
whidi  alizarine  maj  be  extracted  by  means  of  alcohol.  Since  pjro- 
caiecfain  may  be  regarded  as  (ntho^lihydroxy-benzene,  one  of  the 
following  two  fonnnibe  most  rexveeent  aliarine : 

H         H  H         OH 

H.  '  .00.  J,  .OH  H.p  .CO.  1    .OH 

H.  ^«.CO.  V*.OH     ^^     H,^«.CO.  V'  .H 

i  I  •  : 

H         H  H         H 

and  from  its  formation  from  both  oxyanthraqninones  very  probablj 
the  latter  one. 

Alizarine  crystallises  from  alcohol  or  ether  in  brownish  yellow 
prisms  containing  water,  which  by  drying  become  red ;  it  melts  at 
215**,  and  can  be  sublimed  by  carefully  heating  in  long  red  needles. 
It  is  slightly  soluble  in  boiling  water,  more  so  in  alcohcd  and  ether. 

Diaceto-alizarine,  C]4H^(O.C2H30)sOs,  is  produced  as  a  yellow 
powder  on  heating  alizarine  with  acetic  anhydride. 

As  a  diphenol  alizarine  forms  compounds  with  melals.  It  dis- 
solves  in  {lotash  to  a  fine  puiple  colour,  Ci4Hc(OK)202.  An  alooliolie 
solution  of  alizarine  gives  blue  precipitates  with  lime  and  baryta 
water,  C,4Hc{0,Ca)02,OH,  and  C,4H6(0,Ba)O^OH^  Alkaline 
solutions  of  alizarine  and  alum  give  a  beautiful  red  lake.  Goods 
mordanted  with  alumina  are  dyed  deep  red  with  alizarine.  Iron 
salts  give  a  violet  colour. 

*  Turkey  red '  is  produced  on  cotton  by  mordanting  with  alum 
and  oil  and  dyeing  with  alizarine. 

On  warming  an  alkaline  alizarine  solution  with  tin,  the  violet 
colour  passes  into  yellowish  red,  and  acids  produce  a  predpttate  of 
yellow  hydraliaarinej  a  dihydroxy-dihydranthraquinone  : 

.C(OH). 
CuH,o04  =  CeH^  I  CeHj(0H)3. 

.C(OH). 

Alizarine  is  oxidised  to  phthalic  add  on  heating  with  nitric  acid  : 

Rvherythric  acid  can  be  extracted  from  fresh  madder  root  by  cold 
water.  After  predpitating  other  matters  with  normal  plumbic  acetate 
the  filtrate  is  treated  with  basic  plumbic  acetate,  to  precipitate 
ruberythric  add.  The  red  deposit  is  then  decomposed  by  sulphm^ 
etted  hydrogen  and  extracted  with  alcohol.  Ruberythric  acid  crystal- 
lises in  yellow  prisms,  which  are  readily  soluble  in  hot  water,  alcohol 
and  ether ;  it  is  converted  into  sugar  and  alizarine  by  fermentive 
actions,  adds,  or  alkalies. 
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2.  Quinizarine. — Quinizarine  is  sjntbesised  by  heating  phthalic 
anhydride  with  hydroquinone  and  sulphuric  acid,  precipitating  the 
product  with  water,  and  extracting  with  benzene.  The  chlor-phenol, 
boiling  at  218°  (§  988),  may  be  used  instead  of  hydroquinone.  It 
crystallises  from  ether  in  yellow-red  plates,  from  alcohol  in  needles, 
melts  between  194°  and  195°,  and  sublimes  for  the  most  part  un- 
changed. It  dissolves  in  alkalies  to  a  pure  blue  solution.  From  its 
mode  of  formation  the  most  probable  constitution  is : 

H..p(  .CO.  X  .B[ 

3.  ArUhraflawyM  is  often  obtained  in  small  quantities,  together 
with  alizarine,  from  the  disubstituted  anthraquinones.  It  is  S3mthe- 
sised  by  heating  metaoxybenzoic  acid  to  180°  for  many  hours  with 
hydric  sulphate.  The  liquid  yields,  on  dilution  with  water,  a  dark  green 
precipitate,  which  is  extracted  with  baric  hydrate.  After  treating 
with  animal  charcoal  the  barium  compound  is  decomposed  with  HCl 
and  the  dried  precipitate  extracted  with  ether. 

Anthraflavone  crystallises  in  yellow  needles,  which  sublime  partly 
undecomposed  before  melting  at  a  temperature  above  300°.  It  dis- 
solves to  brown  solutions  in  alkalies  and  sulphuric  acid,  and  gives  a 
colourless  diaceto  compound  with  acetic  anhydride  : 

C,4He(O.C2H30.)a02- 

According  to  its  formation  each  phenyl  group  contains  a  hydroxyl 
group  : 

HO.^CO.OH^  H.^H     _  „^^      ,     HO.^CO.^H 

H.gH  +  HO.CO.gOH  -  ^^^^  ■*■      H.^fi'CO.^^OH 

Fused  caustic  potash  splits  it  up  into  two  molecules  of  paraooct/- 
henzoic  add, 

4.  Fram^ulic  acid  is  formed  by  the  decomposition  of  its  glucoside, 
fra'hgulin,  with  mineral  acids.  It  crystallises  from  alcohol  in  orange 
yellow  quadratic  plates  or  needles,  2Ci4H6(OH)202,30H2,  which 
only  lose  their  water  at  180°  and  melt  between  252°  and  254°.  The 
diaceto  componnd  forms  brass  yellow  plates,  melting  at  184°. 

The  glucoside/rari^n^tn  is  isolated  from  the  bark  oi  Rhamnua  Fran- 
gtUa  by  digestion  with  hot  alcohol,  and  forms  a  yellow'crystalline  mass 
almost  insoluble  in  water.  It  melts  at  226°,  dissolves  to  a  red-coloured 
solution  in  alkalies,  and  is  decomposed  by  dilute  acids  : 

C20H20O10  =  Ci4Hg04  =  CgHi205. 

5.  Chryaophanic  acid  (parietic  or  rheinic  add)  is  found  in  senna 
leaves,  in  rhubai'b  root,  in  the  root  of  Rumex  obttiai/olia,  and  in 
Parmelia  parietina,  from  all  of  which  it  may  be  easily  extracted  by 
dilute  potassic  hydrate.  Hydrochloric  acid  precipitates  it  from  this 
solution  in  golden  yellow  prisms,  which  after  recrystallisation  from 
chloroform  melt  at  162°.     It  forms  compounds  of  a  deep  red  colour 

TY  2 
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with  the  Alkidi  metak,  which  on  drring  beeome  Tiolet  and  aie  enolT 
deoompOKd  bj  earbooie  anh jdride. 

CfaryMfihanic  add  saUimes  partly  undeoompoeed.     On  wmmiiitf 
with  eoDoexitrated  nitric  add  it  is  eonTerted  into  ckrymummimie  mdd  - 

CuH^N0,)4(0H),0^ 

or  tetranitro-diryBophanic  add.  The  same  body  is  alao  obtained  from 
aloin  on  boiling  akies  with  concentrated  nitric  add  and  neotrmUaing 
the  evaporated  solntion  with  potassic  carbonate,  the  potash  salt : 

C„H^XO,),(OK),0^ 

aeparating  in  metallic-looking  yellow  green  plates,  wbidi  od  treaitnieiit 
with  dilate  acidx  jrields  chrysamminic  add  in  yellow  metallic  crystals, 
which  dixHolve  very  slightly  in  water,  imparting  thereto  a  fine  purple 
red  colour.  It  behaves  like  a  strongly  dibasic  add,  and  explodes 
slightly  on  h/iatiDg  above  its  fusing  point.  Reducing  agents  convert  it 
into  hydro-chry»amide : 

C,.H,(NH,),(NO,KOH),.0^ 

beantiful  deep  blue  needles  of  oopper-red  lustre,  which  on  caicfblly 
beadng  forms  violet  vapours  like  indigo. 

1108.  PurpuriiUf  trihydroxy-anthraquirwnt : 

C^HA  =  CuHv(0H)3.0^ 

oocoTB  along  with  alizarine  as  a  decomposition  product  of  the  glnoo- 
sides  of  madder  root,  and  is  also  easily  produced  artifLcially  at  the 
same  time  as  alizarine  from  substituted  anthraquinones.  From 
alizarine  and  qninazarine  it  may  be  obtained  by  oxidation  with  MnO.. 
From  its  mode  of  formation  it  probably  possesses  the  oonstitation : 

OH 
H.^.CO.'    .OH 

^       Ah 

It  forms  orange  yellow  prisms,  which  may  be  fused  and  sublimed 
without  decomposition,  are  more  soluble  in  water  than  alizarine,  and 
dissolve  in  alcohol,  ether,  and  alkalies  with  a  red  colour.  With  lime 
or  baryta  water  it  gives  yellow  predpitates,  and  on  heating  with  zinc 
dust  anthracene  is  obtained. 

Furpuroxanthme  is  the  product  of  the  reduction  of  an  alkaline 
purpurine  solution  by  phosphorus.  Hydrochloric  acid  throws  down 
from  this  solution  yellow  flocks  of  the  new  body,  which  may  be 
ciystallised  from  alcohol.  It  is  soluble  in  acetic  add,  benzene,  and 
alkalies,  in  which  latter  solution  it  absorbs  atmospheric  oxygen,  and 
gives,  on  the  solution  being  neutralised  with  an  acid,  a  precipitate  of 
purpurine.  This  reaction  allows  purpui-oxanthine  to  be  regarded  as 
trihydroxy-dihydranthraquinone,  Ci4H5.(OH)302H2. 

Among  many  methods  for  the  prepamtion  of  alizarine  and  pur- 
purine from  madder  one  may  be  mentioned  which  makes  use  of  the 
j'cady  solubility  of  purjjuiino  in  cold  solutions  of  aluminic  salts,  alizarine 
being  diificultly  soluble  ;  another  depends  on  the  differing  degrees  .of 
(l(V'onn)OHihility  of  their  gluooeides.     If  powdered  madder  roots  are 
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extracted  at  the  ordinary  temperature  with  water  containing  sul- 
phurous anhydride,  and  the  solution  of  the  gluoosides  heated  to  40^, 
the  purpurine  compound  only  is  decomposed  with  precipitation  of 
purpurine,  whilst  it  is  only  after  the  filtrate  has  been  boiled  for  some 
hours  that  alizarine  is  precipitated  in  admixture  with  some  other 
bodies.  From  this  precipitate  pure  alizarine  may  be  extracted  by 
treatment  with  hot  petroleum  of  150°-170°  boiling  point. 

Madder-dyeing  depends  ou  the  formation  of  alizarine  and  pur^ 
.purine  from  the  gluoosides  of  the  root,  by  fermentation  and  decomposi- 
tion with  mineral  acids.  The  substance  occurring  in  commerce  under 
the  name  of  garancine  is  powdered  madder  root  that  has  been  treated 
with  sulphuric  acid,  which  therefore  contains  no  rubeiythric  add,  but 
only  the  colouring  matters. 

1169.  Tetrahydroxy-anthraquinonei  Ci4Hg08  =  Ci4H4(OH4^02, 
is  known  in  two  isomeric  forms,  both  of  which  are  reduced  to  antnra- 
cene  on  heating  with  zinc  dust. 

1.  ArUhrachryaone^   C5H2(OH) a' pQ*C6H2(OH)2,  is  obtained  from 

dioxy benzoic  acid  (§  1067,  3)  by  heating  with  4  times  its  weight  of 
sidphuric  acid  to  140".  It  crystallises  from  alcohol  in  fine  yellow  red 
needles,  melting  at  320".  It  is  almost  insoluble  in  water  and  difficultly 
so  in  alcohol  and  ether.  It  dissolves  in  alkaline  solutions  with  a  red 
colour. 

2.  Rufiopine,  prepared  from  opianic  acid  by  heating  with  sul- 
phuiic  acid  to  180",  crystallises  in  yellowish  red  needles  and  crusts, 
pretty  soluble  in  sdoohol,  slightly  in  boiling  water  and  ether,  and 
gives  violet  red  salts  with  alkalies. 

1170.  BufigaJlic  ctcid,  Ci4Hg03,2H30,  is  doubtless  a  hexahy- 
droxy-anthraquinone.  It  is  obtained  by  heating  gallic  add  with  4 
times  its  weight  of  sulphuric  acid  to  70°  or  80".  It  forms  brown  red 
crystals,  which  become  anhydrous  at  120".  It  is  insoluble  in  water, 
nearly  so  in  alcohol  and  ether.  It  forms  an  easily  soluble  red  com- 
pound with  alkalies  and  dyes  cloth  mordanted  with  alumina  a 
beautiful  red. 

The  formation  of  rufigallic  add  is  expressed  by  the  equation : 

2C6Ha(OH)8CO.OH  =  20Ha  +  C6H(OH)8-g2;C6H(OH)8. 
Heating  with  zinc  dust  reduces  it  to  anthracene. 

Homohgues  of  Anthracene, 

1171.  Methyl  anthracenSy  C15H12,  is  formed  on  passing  the  vapour 
of  ditolyl  methane  (§  1057,  2)  through  rod-hot  tubes  filled  with 
pumice,  similarly  to  the  formation  of  antiiracene  from  benzyl  toluene  : 

CH  •CH 

^6^4  nTT**^6^4*^H3  =  C5H4  I      *  C6H3.CH8  +  2H2. 
.una  ^^ . 

The  sticky  mass  which  collects  in  the  recdvers  is  washed  out  with 
alcohol  ether,  recrystallised  from  glacial  acetic  add,  and  sublimed, 
when  it  forms  white  yellow  or  colourless  leafy  crystals,  in  the  latter 
case  having  a  strong  blue  fluorescence,  melting  between  198"  and 
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201**.     It  is  only  soluble  in  chloroform,  CSj,  and  benzol.     The  picric 
acid  compound  forms  long  red  needles. 

When  an  alcoholic  solution  of  methyl  anthracene  is  mixed  with 
strong  nitric  acid,  and  afterwards  evaporated,  a  product  is  obtained 
which  on  addition  of  water  yields  methyl  anthraquinone : 

which  crystallises  in  needles  and  plates  of  melting  point  162®— 163^ 
Sulphuric  acid  converts  the  quinone  into  sul phonic  acids,  yielding;  on 
melting  with  potassic  hydrate  at  200°  and  subsequent  deoomposition 
of  the  product  with  HCl,  methyl  alizarine  : 

which  sublimes  between  250°  and  252°  in  red  needles  and  behaves 
.towai*ds  alkalies  similarly  to  alizarine. 

1172.  Atvthracene  carbonic  acids,  C15H9.CO.OH,  isomeric  with 
methyl  anthraquinone.  On  submitting  anthracene  monosulphonic  acids 
to  dry  distillation  with  potassic  ferrocyanide,  anthracene  carbonitrile, 
C14H9.CN,  is  produced,  which  on  boiling  with  alcoholic  potash  is  con- 
verted with  evolution  of  ammonia  into  the  potassic  salt  of  a-amikmoene 
carbonic  a^dd,  which  crystallises  from  hot  alcohol  in  yellow  needles, 
softening  between  220°  and  230°,  but  does  not  decompose  even  at 
280°.  It  is  insoluble  in  OH,  and  gives  easily  soluble  alkaline  salts.  The 
barium  and  calcium  salts  are  amorphous.  The  acid  yields  anthracene 
on  distillation  with  baric  oxide,  and  on  oxidation  with  CrO)  gives 

Anthraquinone  carbonic  actdy  Ci5Hg04  =  C14H7O2.CO.OH,  which 
is  also  produced  by  oxidising  methyl  anthracene  with  chromic  acid  in 
glacial  acetic  acid  solution. 

It  ciystallises  in  yellow  needles,  melting  at  283**,  which  are  sub- 
limable  and  are  very  soluble  in  acetone. 

^'Anthracene  Carbonic  Acid, — On  heating  anthracene  in  a  sealeii 
tube  with  COCI2  for  some  hours  to  200°  a  chloride,  CmHq.COCI,  is 
probably  produced,  the  product  of  the  digestion  on  heating  with  soda 
solution  and  neutralisation  with  an  acid  (HCl),  giving  a  precipitate 
of  /3-anthracene  carbonic  acid,  which  forms  yellow  silky  needles, 
melting  at  206°  and  splitting  up  at  the  same  time  into  CO2  and 
anthracene.  As  this  acid  is  very  easily  oxidised  by  chromic  acid  to 
CO2  and  anthraquinone,  it  is  probably  constituted  thus : 

/CH 
CeH4<^    \CeH4 


CO.OH 
1173.  Dimethyl  anthracene  : 

is  formed,  analogously  to  the  synthesis  of  anthracene  from   benzyl 

CH 
chloride,   by  heating  xylene  chloride,   ^e^iQu^Q] »  ^^^^  water  to 

180°.     It  sublimes  in  white  needles  having  a  blue  fluorescence. 
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CJoMPOUNDS  Containing  Thbee  Benzene  Nuclei. 

1174.  Paradiphenyl  henzene,  Q^^,Q^^ ^,0^^^  is  formed  along 
with  diphenyl-  and  isodipbenyl-benzene  by  passing  benzene  vapour 
through  a  red-hot  tube,  and  alone  by  treating  a  mixture  of  para- 
dibrom-benzene  and  monobrom-benzene  with  sodium.  It  crystallises 
in  flat  needles,  melts  at  205°,  and  boils  at  about  400°,  dissolves  with 
difficulty  in  ether  and  boiling  alcohol,  easily  in  benzene.  Chromic 
acid  oxidises  it  to  paradiphenyl-carbonic  acid  (§  1148),  and  finally  to 
terephthalic  acid. 

The  isomeric  isodiphenyl-henzene  forms  long  branching  interlaced 
crystals,  fusing  at  85°  and  boiling  at  about  360°.  It  yields  benzoic 
acid  on  oxidation. 

1175.  The  hydrocarbons  next  to  be  described  are  of  much  greater 
impoi-tance,  their  derivatives  forming  to  a  great  extent  the  colouring 
matters  known  as  the  '  aniline  dyes.' 

Trijyhenyl  methane^  CH.(CeH5)3,  is  the  product  of  the  reaction 
between  benzal  chloride  (§1031)  and  mercury  diphenyl  at  150° : 

C6H5.CHa2  +  2Hg(CeH5)3  =  2Hg(CeH,)Cl  +  OeH^.CH :  (CeH^),, 

and  is  also  formed  by  heating  a  solution  of  diphenyl  carbinol  (§  1146) 
in  benzene  with  phosphoric  anhydride  : 

(C6H,)a:CH.0H  +  CgHg  +  PA  =  2HPO3  +  (06H,)2:CH.06H5. 

It  crystallises  from  alcohol  and  ether  in  shining  plates  of  92°  melting 
point,  and  distils  above  360°. 

Phosphoric  chloride  converts  it  into  triphenyUcarhon  chloride^ 
{Q^f)^\QG\y  which  is  decomposed  immediately  by  water  into  tri- 
phenyl  carbinol;  with  alcohol  it  gives  the  ethyl  ether  of  triphenyl 
carbinol,  (0^11^)^0,0.0^11^  (melting  point  78°). 

The  chloride  is  decomposed  at  200°  into  HCl  and  a  hydrocarbon, 
C19H14,  crystallising  in  fine  needles  and  melting  at  138°,  probably 
dipJienyl'phenylene-methane : 

(C6H5)2:CCl.CeH5  =  HCl  +  (C6H5)2:C:C6H,. 

On  treatment  with  nitric  acid  tripbenyl-methane  is  converted 
into  trinitro-triphenylrmetlianej  Ci9Hj3(N02)3,  a  crystalline  powder, 
melting  at  207°,  and  on  reduction  with  zinc  yielding  paraleucaniline, 
CigHjgNs,  which  on  oxidation  yields  pararosaniline.  Trinitro- 
triphenylrcarhinoly  Ci9Hi2(N02)3.0H,  is  Obtained  by  oxidising  trinitro- 
triphenyl  methane  with  chromic  acid;  it  forms  colourless  crystals 
melting  at  171°,  and   by  reduction  with    zinc  is  converted  into 

NH2.C5H4V  yCgHg 

pararosaniline^  /^v   I        •     Pararosaniline  can  also  be 

NH2.CpH/  ^NH 
prepared  from  paratoluidine  and  aniline  by  the  action  of  oxidising 
agents.  Treated  with  nitrons  acid  it  yields  a  diazo  compound,  whose 
hydrochloride  has  the  formula  CigH,30NgCl3,  and  which  on  boiling 
with  water  yields  aurine.  On  reduction  pararosaniline  is  converted 
into  paraleucaniline,  whose  diazo  compound  on  lx)iling  with  alcohol  is 
converted  into  triphenyl-methane,  thus  showing  clearly  the  relations 
of  these  substances  to  that  hydrocarbon.     In  properties  paraleucani- 
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line   and  pararoeaniline  closely  resemble  ordinary   leucaniline  and 
rosaniline  (see  later). 

(0H).CeH4.       /CeH, 
1175a.  Aurine,  0,911,403  =  yC(^   I         ,  is  obtained 

(OH).C6H4/    N) 
by  heating  1  part  of  oxalic  acid  with  1^  parts  of  phenol  and  2  parts 
of  sulphuric  acid,  and,  as  previously  mentioned,  by  boiling  diazo- 
pararosaniline  chloride  with  water  : 

a.N=N.06H4v       /CgH^.N^zN.Ol 

>C<  +  3H,0 

01.N=N.06H4/      X)H 

(0H).0eH4.        .CgH^ 
=  >0<  I  +  Na  +  3Ha  +  H,0. 

(OH).06H4/     N) 

It  crystallises  in  shining  monodinic  prisms  with  cantharidine  green 
reflection.  Its  solutions  are  of  a  fine  scarlet  red.  It  is  insoluble 
in  water,  soluble  in  alkalies,  hydrochloric  add,  acetic  acid,  and 
alcohol ;  it  melts  at  somewhat  above  220°.  With  alkaline  hydric 
sulphites  it  yields  a  colourless  crystalline  compound  : 

0,9H,403,KHS03, 

from  which  aurine  is  set  free  by  treatment  with  alkalies  or  acids,  or  on 
boiling  with  water.  On  treatment  with  zinc  and  acetic  acid  it  is 
converted  into  leucaurine,  C,9Hj603,  crystallising  from  acetic  acid  in 
thick  prisms.  On  heating  with  excess  of  acetyl  chloride  it  is  converted 
into  triacetyl  leucaurine,  CigH,, (0.021130)3.  This  forms  short  silky 
needles. 

11755.  Methyl  aniline  moiety  Paris  violet ,  pevUamethyl  pararo- 

(0113)2 -.N.CeH^v        •O6H4 
«aniZtw6,  024H27N3,H01  =  ^0/  |  ,HCl,ispre- 

(CH3)2:N.C6H4/  ^N.CH3 
pared  by  oxidising  dimethyl  aniline,  b^  with  cupric  nitrate,  acetic 
acid,  and  common  salt,  at  60°.  It  forms  a  lustrous  metallic  green 
mass.  By  treatment  with  sodic  hydrate  solution  it  yields  the  hydrate 
CiqH  13^3(0113)5.011  as  a  reddish  brown  crystalline  powder,  soluble 
in  alcohol,  and  also,  with  fine  violet  colour,  in  acids. 

1175o.    Afalachite     green,     tetramethyl'amido-triphenyl'rnethanej 

C23H26N2=C6H6.0H<q^jj^j^;L,jjY»  ^s  formed  by  heating  two 

molecules  of  dimethyl  aniline  and  one  molecule  of  benzoic  aldehyde 
with  zincic  chloride  : 

CoH,,.CHO  +  2C6H5.N(OH3),  =  C6H5.CH<g«|^;^{gg3)«  +  H,0, 

and  also  by  heating  dimethyl  aniline  and  benzo-trichloride.  It  is 
dimorphic,  crystallising  in  plates  melting  at  93°-94°  and  in  needles 
melting  at  102°. 

1176.  Ortliotolyl-diphenyl-methane  : 

^20^1 8  =  (05115)20.00114. CHg, 

is  obtained  by  the  decomposition  of  diazo-leucaniline  (§  1180)  by 
boiling  alcohol.     It  forms  a  crystalline  mass,  melts  at  59*5°,  and 
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boils  above  360°.  Chromic  acid  in  acetic  acid  solution  oxidises  it 
to  orthotolyl-diphenyl-carbinol,  C20H17OH.  The  hydrocarbon  on 
nitration  yields  a  mixture  of  nitro  products,  which  on  reduction 
yield  leucaniline  or  rosaniline  respectively. 

Roaaniline  and  its  Derivatives, 

1176a.  The  parent  substance  from  which  most  of  the  commercial 
dyes  are  formed  is  rosaniline,  C20H19N3,  a  base  resulting  from  one 
molecule  of  aniline  and  two  molecules  of  toluidine,  and  which  can 
unite  with  one  to  three  equivalents  of  acid.  The  triadd  salts,  e.g. 
CjoHigNgjSHCl,  can  only  be  prepared  by  the  aid  of  excess  of  strong 
acids,  and  are  of  a  dull  yellowish  brown  colour.  "Water  removes  two 
equivalents  of  acid  from  them,  leaving  the  monacid  salts.  These  are 
nearly  insoluble  in  cold  water,  but  dissolve  readily  in  hot  water  or 
alcohol  with  a  fine  red  colour ;  their  crystals  show  a  beautiful  golden 
green  lustre. 

Kosaniline  can  exchange  three  of  the  hydrogen  atoms  united 
directly  to  nitrogen  for  hydrocarbon  nuclei  (alkyl,  <&c.),  the  successive 
substitution  of  such  atoms  changing  the  colour  from  the  red  of  the 
simple  salts,  through  reddish  violet,  into  bluish  violet  or  pure  blue. 
All  aniline  colours  are  removed  from  their  solutions  by  nitrogenous 
fibres  (wool  and  silk),  the  latter  becoming  dyed. 

To  prepare  rosaniline  salts,  aniline  rich  in  toluidine  is  heated  to 
140°-180°  either  with  oxidising  agents,  such  as  arsenic  add  or 
mercuric  nitrate,  or  with  metallic  chlorides  which  can  suffer  partial 
reduction,  such  as  mercuric  or  stannic  chlorides.  The  formation  of 
rosaniline  can  be  expressed  by  the  equations  : 

CfiHfi.NHj  +  2C7H7NH2  +  30  =  3H2O  +  CaoHigNa 
C6H5.NH2  +  207H7.NHa  +  3SnCl4  ==  C2oHj9N3,HCl 

+  5HC1  +  3SnCl2. 

Instead  of  employing  mineral  oxidising  reagents  crude  nitro-benzene 
containing  nitro-toluene  can  be  employed,  the  oxygen  of  which  eJQTects 
the  oxidation  of  the  toluene  mixture,  whilst  the  nuclei  enter  the 
rosaniline  group.  The  presence  of  metallic  iron  and  of  HCl  appears  to 
be  essential.    The  following  expresses  one  of  the  resulting  reactions : 

CgHs.NO,  +  2C7H7.NH2  =  2H2O  +  C20H19N,. 

On  employment  of  nitrates  as  oxidising  agents  rosaniline  nitrate 
is  obtained ;  metallic  chlorides  yield  rosaniline  hydrochloride ;  arsenic 
acid  gives  the  arseniate  and  arsenite.  The  latter  is  extracted  with 
water  and  predpitated  as  rosaniline  hydrochloride  by  addition  of 
common  salt.    In  every  case  the  salts  are  repurified  by  crystallisation. 

On  heating  the  aniline  colours  with  concentrated  or  Nordhausen 
sulphuric  acid  the  sulphonic  acid  group  (SO2.OH)  enters  the  aromatic 
nucleus.  The  resulting  monosulphonic  add  is  in  the  case  of  triphenyl 
rosaniline  precipitated  by  addition  of  water,  convei'ted  into  the  sodic 
salt,  and  used  under  the  names  of  *  Nicholson's '  or  *  alkali  blues  * 
for  wool-dyeing.  With  the  disulphonic  adds  it  is  necessary  to  treat 
the  whole  melt  with  milk  of  lime,  and  to  decompose  the  lime  salta, 
after  filtration,  with  sodic  or  ammonic  carbonates.  These  salts  then 
form  '  soluble  blues/  and  are  used  for  dyeing  silk  or  cotton.     The 
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»;^i.  *ffr/WT.  *^Xf^f,  fe/nt^zjj^  tbt  ^^Jicid  »h  CirtH;yK^HCl, 

i^mt^U^f  tm0itu\Ui  (mhmf:,  bat  tike  kticr  is  deddedlj  mare  maimkiit 
m  WJkt^  Ui^Mi  tfje  two  otber  aidta. 

1 178,  /^/«<^  owf,  C^i  i  ^0,=  XX  ,  bMM)- 

o^  N:-^H,(OH) 

l/>(^/tM  with  ttumih  (§  ]  175;,  U  pne^iared  by  treattiDg  roauiiUiie  witli 
utirtftm  H4nd  Mid  \ffnliri^  thh  re^^altiog  diazo  oompomid  with  hydro- 
('h\i/rit',  M/rJ/J,  It  fr/nrm  fthiriin^  monociinic  prisms,  cloeely  leBembling 
Ui/fH';  //  fturiup.f  and  alur^  rrjeiting  above  220^.  With  hydric  potasBie 
ntilifhiih  it  fpvf;M  A  cryKtalline  compoand,  C^oHi^O^^KHSO},  from 
whi/;h  it  cjiu  \tti  Af^ttin  Kefjarat4ed  by  boiling  with  water  or  addition  of 
Mi'uU  or  a) kaliiiM,  J  t  uniteH  with  na^^cent  hydrogen,  forming  leucaroBoUe 
fi/:iAf  f'^u^iin^jit  f'TyHtal lining  in  large  prisms  and  yielding  with  ddor- 
ar^ff.yl  fUm  tn^lUjH  of  the  triacetate,  0.^0^15(0.028^30)3. 

1179«  Alkf/L-itufjtflUuUd  rosanilines  are  prepared  by  heating  roeani- 
lifii)  with  alkvl  irxlidr^M  and  the  respective  alcohols  under  pressnre  at 
100",  All  IhrfM;  replaceable  hydrogen  atoms  being  readily  exchanged, 
trialkyl  roManiline  KaltM,  of  violet  colour  in  solution,  chiefly  occur  in 
iunnuitm^i.   The  rno»t  important  in  trimethyl  rosaniline  ht/drochlaride : 

C,oHk,(CH3)3N3,2HC1, 

known  tw  I fofmann's  violet. 

On  lifiating  roKiinilino  with  aniline,  at  the  boiling  point  of  the 
U%i^4^r^  Mu\  in  the  prOHonco  of  a  small  quantity  of  an  oi^ganic  acid, 
•umtlc  Of  lMin/4)ic  iKMng  generally  employed,  ammonia  is  evolved,  with 
lorniation  of  mono-,  di-,  and  iriphenyl-rosaniline.  This  introduction  of 
Ibn  phonyl  groupn  caiiios  successive  alterations  of  the  colours  of  the 
wolntionH,  ( ^ao' ' I dO'fl^' 5)^3,11 01  being  red  violet, 

02oHi7(OeH„)2N3,H01 

hlulHh  violet,  and  CioU  i,j^(^«lIft)3N3,H01  pure  blue.     This  latter,  <rt- 
fihi^tiyl  rominiUna  hydroctdorulef  forms  the  dye  known  as  opcU  blue  *  it 
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is  insolnble  in  water  and  only  slightly  soluble  in  alcohol ;  on  distil- 
lation it  yields  much  diphenylamine  together  with  other  products. 
The  constitution  of  triphenylrosaniline  is  represented  by  the  formnla : 


C'5H5.NH.CgH4v        vCgHg.CH 


1180.  A  further  class  of  aniline  colours  consist  of  trialkyl  rosani- 
lines  (mostly  trimethyl  rosanilines)  united  to  methyl  haloids,  which 
take  the  place  of  the  acids. 

Iodine  greeny  trimethyl-rosaniline  dimethyl-diiodide  : 

^2oHi6(CH3)3N3,2CH3l, 

is  prepared  from  methyl  violet  by  heating  with  methyl  alcohol  and 
methylic  iodide,  and  is  formed,  together  with  the  violet,  by  heating 
rosaniline  acetate  with  double  the  quantity  of  methylic  iodide  and 
wood  spirit  in  strong  closed  vessels  for  ten  hours  at  100®.  After  the 
unaltered  liquid  ingredients  have  been  distilled  off  the  residue  is 
extracted  with  a  strong  solution  of  common  salt,  when  iodine  green 
goes  into  solution. 

Iodine  green  crystallises  with  one  molecule  of  water  in  canthari- 
dine  green  prisms ;  it  dissolves  in  alcohol  with  a  beautiful  green  colour, 
which  retains  its  purity  in  artificial  light.     The  picrate : 

C2„H,6(CHa)3N„2CH3l,2C6H^O,)a.OH, 

obtained  by  addition  of  picric  acid  to  its  solutions,  is  the  salt  of  iodine 
green  principally  met  with  in  commerce. 
Trimethyl-roacmUine  trimethylrtriiodide : 

^2oHi  6(CH3)3N3,3CH3l, 

can  be  prepared  from  the  preceding  compound. 

By  the  action  of  ethylic  aldehyde  on  rosaniline  dissolved  in  sul- 
phuric acid,  and  addition  of  sodic  hyposulphite  to  the  resulting 
solution  after  large  dilution  with  water,  *  aldehyde  green '  is  obtained, 
and  can  be  precipitated  from  the  solution  by  addition  of  common 
salt. 

1181.  Leucaniliney  C20H21N3,  is  the  product  of  the  addition  of 
hydrogen  to  aniline.  Its  hydrochloride  results  from  the  treatment  of 
fuchsine  with  zinc  and  hydrochloric  acid  or  with  ammonic  sidphide. 
Addition  of  ammonia  to  its  colourless  salts  precipitates  it  as  a  white 
difficultly  soluble  powder,  which  soon  acquires  a  red  colour  on  ex- 
posure to  air.  Tinted  with  nitrous  acid  it  gives  a  diazo  compound, 
which,  when  boiled  with  alcohol,  decomposes  into  nitrogen  and  ortho- 
tolyl-diphenyl  methane  (§  1176).  The  alkyl-substituted  rosanilines 
also  unite  with  two  atoms  of  hydrogen,  yielding  leuco  compounds. 

Chrysaniline,  C20H17N3,  is  invariably  obtained  as  a  bye  product 
in  the  manufacture  of  rosaniline.  It  is  a  chrome  yellow  powder,  not 
very  soluble  in  cold  water,  readily  soluble  in  alcohol ;  it  dyes  silk  and 
wool  golden  yellow.  Like  rasanilino  it  forms  stable  monncid  salts 
and  diacid  salts,  which  are  decomposed  by  water ;  e.g. 

C20H ,  7N3.HNO3, 

ruby  rod  needles  difficultly  soluble,  and  C2oHi7N3,2HN03,  dark  red 
prisms. 
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Thongh  of  other  composition,  the  earliest  known  aniliiie  ookrar^ 
mauve'ine — may  be  convenientlj  described  here.     Its  snlfJiftte : 

is  formed  when  dilate  solutions  of  a  mixture  of  ^niliTift  and  tolnidiiie 
sulphates  and  potassic  dichromate  are  mixed.  The  aolntion  is  pinpfe 
red.  Addition  of  alkalies  liberates  the  free  base,  C27H24N4,  m  a 
nearly  black  crystalline  powder,  soluble  in  alcohol  with  violet  ooiloiir. 
All  its  salts  are  crystalline  and  have  a  cantharidine  green  lustre.  Iti 
formation  may  be  represented  by  the  equation  : 

OeH^N  +  3C7H9N  +  50  =  C„H,4N4  +  5H,0. 

1182.  ParcUclyJrdiphenyl  methane: 

results  by  heating  tolyl-diphenyl  carbinol  with  benzene  and  phoefdwric 
anhydride.  It  forms  colourless  crystalsy  melting  at  71^  and  bailiiig 
above  360''. 

On  oxidation  it  yields  an  add  : 

CaiHieO,  =  (CeH5),:C(0H).06H4.00.OH, 

difficult  to  ciystaHise,  melting  at  187^,  and  giving  a  barium  nit 
crystallising  in  silky  interlaced  needles  : 

(03oH,e03)jBa,70H2, 

difficulty  soluble  in  water. 

PhthcMm. 

1183.  Phthalic  anhydride  and  phenols,  on  gently  heating  with 
a  dehydrating  agent,  such  as  sulphuric  acid,  combine  to  fonn  the  so- 
called  phthcUe'ins,  probably  according  to  the  equation  : 

CeH,;gg;0  +  2(CeH)(e_,)(0H),  =OH, 


+  ^6ll4.co.CeH(,.,)(OH), 


They  are  all  soluble  in  alkalies  with  formation  of  brilliant<x>loaied 
solutions. 

By  acting  on  the  bodies  in  alkaline  solution  with  nascent  hydrogen 
from  zinc  dust,  colourless  additions  products,  phthalines,  are  obtained, 
and  may  be  precipitated  by  acidifying  the  solutions. 

On  heating  the  phthalelns  to  a  high  temperature  with  sulphuric 
acid  a  phenol  group  in  combination  with  the  phthalic  acid  radical 
is  generally  split  off  in  the  form  of  a  sulphonic  acid,  and  an  anthra- 
quinone  derivative  is  simultaneously  produced,  thus  : 

^fi^^.'co'.CeHlioH  +  2H2SO4  =  CfiH/^^CeHa.OH 

+  CeH3(0H)(S03H)2  +  20Ha, 

giving  a  mixture  of  the  two  hydroxy-anthraquinones  (§  1167,  2). 
Resorcin  phthalein  gives  alizarine  and  hydroquinone  phthalem  chim- 
zarine. 

Of  the  numerous  compounds  already  prepared  in  this  group  only 
the  following  can  be  mentioned  here : — 
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1184.  Phenol  phthalein,  C20H14O4  =  C6H4(CO.C6H4.0H)s,  iso- 
meric with  the  phenyl  salts  of  the  phenylene  dicarbonic  acids  (§  1106), 
is  formed  by  heating  five  parts  of  phthalic  anhydride  with  ten  parts 
of  phenol  and  four  parts  of  sulphuric  acid  at  120°-130°.  The  red 
mass,  when  extracted  with  water,  leaves  a  resin,  which  is  converted 
into  a  clear  yellow  powder  by  boiling  with  benzene.  This  dissolves 
in  solution  of  potassic  hydrate  with  fine  red  colour,  without  doubt 
forming  C6H4(CO.C6H4.0K)2,  from  which  addition  of  hydrochloric 
acid  precipitates  phenol  phthaJein  as  a  flocculent  mass.  The  alkaline 
solution  is  soon  decolourised  by  contact  with  powdered  zinc,  and  then 
yields,  on  addition  of  hydrochloric  acid,  colourless  phenol  phthaline, 
C^qH-^qO^,  whose  alkaline  solution  on  exposure  to  air  soon  reoxidises 
and  regains  its  fine  colour. 

1185.  Resorcin  phthalein,  or  Jltuyrescein,  can  be  obtained  even  with- 
out the  aid  of  sulphuric  acid  by  fusing  two  molecules  of  resorcin  with 
one  molecule  of  phthalic  anhydride  at  195°  until  water  is  no  longer 
evolved.  The  melt  is  then  boiled  with  water  and  the  residue,  ^ter 
dr3dng,  dissolved  in  three  times  its  weight  of  hot  acetic  acid,  the 
diacetate  being  formed,  which,  on  addition  of  alcohol,  separates  in 
plates ;  it  is  recrystallised  from  acetone  and  saponified  by  boiling  with 
alcoholic  potassic  hydrate.  Addition  of  acetic  acid  precipitates  the 
phthalein,  which  can  finally  be  recrystallised  from  alcohoL 

Fluorescein  exists  in  two  states : 

aa  tetrahydrate,  C2oH,40e  =  CsH^-gg;^^^^!^^!^ 

and  as  anhydride  dihydrate,  C20H12O5  =  ^s-'^^OO  C^H  (OH)  ^ 

The  first  is  invariably  precipitated  in  yellow  flocks,  also  the  latter, 
from  alkaline  solutions  by  supersaturating  with  acids,  and  is  con- 
verted into  the  anhydride  dihydrate  by  crystallisation  from  boiHng 
alcohol,  by  heating  alone  at  130°,  or  by  heating  with  sulphuric  add, 
acetic  anhydride,  <kc.  This  latter  form  is  obtained  first  in  the  syn- 
thesis of  fluorescein  ;  it  forms  a  crystalline  brick  red  powder,  nearly 
insoluble  in  water,  ether,  and  benzene,  difficultly  soluble  in  alcohol 
and  acetone.  On  dilution  of  the  alcoholic  solution  it  separates  in 
clear  yellow  stellate  needles.  It  yields  alizarine  on  heating  with 
acids. 

It  dissolves  in  solutions  of  alkalies  and  ammonia  with  a  beautiful 
red  colour.  The  ammoniacal  solution  is  characterised  by  its  extra- 
ordinarily strong  green  fluorescence. 

The  diacetate,  ^6^4/^0  r^H^)o V^^H^O^^'  crystallises  in  colour- 
less plates,  melts  at  200°,  and  is  not  soluble  in  aqueous  alkalies. 

Alkaline  solutions  of  fluorescein  are  decolourised  by  zinc  dust ; 
addition  of  acids  then  precipitates  resorcin  phthaline  or  fluorescine ; 
oxidising  agents  reconvert  it  into  fluorescein. 

Tetrabrom-Jluoreacein,  or  cosine,  C2oHgBr405,  is  readily  obtained 
by  the  action  of  bromine  on  fluorescein.  It  foi*ms  a  brownish  red 
powder,  which  crystallises  fi-om  acetic  acid  in  yellow  prisms. 

The  potassic  and  baric  compounds,  C20^6^'*4^5^a  ^^^ 

CjoHeBrABa, 
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benzo-pinacone,  hjdriodic  acid,  and  phosphorus.     It  ciystallises  in 
prLsnis,  melts  at  206°,  and  can  be  sublimed. 

Tetraphenyl  ethylene,  C26H20,  is  obtained  by  dechlorinising  diphenyl 
carbon  dichloride  (§  1147)  by  silver: 

2CCla(06H5)2  +  4Ag  =  4AgCl  +  || 

C(CeH5), 

and,  together  with  other  hydrocarbons  (diphenyl  methane,  <fec.),  by 
heating  benzo-phenone  and  zinc  dust.     It  crystallises  from  benzene  in 
spear-shaped  needles,  and  is  difficultly  soluble  in  alcohol  and  ether. 
Mauveine  probably  also  belongs  to  this  group. 


^OM K>ry w*  oysTAisrsG  ^iosvessed  KmzB3g 
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TViiMp  Mtf/tm  idoikipDg  to  tbe  tvo  imdei  cm  ciiileiiUy 
l^fiM;  iritii  *ttr  {uxih*ir  i^tea^xiXmrf  Jdoou  (m  long  ms  tke 
fiy/r«r#-  *Ad  diraJfMni  uxioD  renuoikt/,  whilst  all  the  othdx  ksw 
'/tj^  Wyl  *TjuLftbl«  for  tinkA  wHh  other  elemeiitAry  j^tooHL  If  th» 
UutiUfT  in  bjdjv>{|^^  the  bjdrocmrUntf,  Cj^^C'ifH,^  kc^  rBBoH.  In 
*;(M;h  kyircicaiH^.^fM  the  hrdr^^f^  %Xana  are  replaced  brother  ^ L  iiMifc 
or  fpymi^  ac9>Hing  U>  eMMifftuJlj  th«  eame  rales  as  thoae  that  ic^giilmte 
iKilMft'JtViri  m  \itittT/iii0i,  If  the  safaKtitiiting  groups  are  or^uiic 
rHAieftUf  the  new  oosaf^iUikU  (armed  stand  in  the  aune  relmtioDS  to 
tlie  'mfouhl  twAecuif»  that  the  aromatic  oofoi pounds  containing  more 
thari  nix  ctwUm  nUjtah,  ytawiov^Xj  mentkxied,  do  to  benzene. 

Vrtrtu  ihtitr  kn//wn  chemical  behaviour  napkihalene  and  pkemoM^ 
lUrene  mfjwt  be  incloded  in  thia  group. 

NAFHTHJtUDrE  AKD   ITB  DeRIYATITSB. 

Naphthalene,  C,oHg. 

1190,  The  mont  important  arguments  for  awdgning  the  more  simple 
uiuiUitm  given  above  to  naphth^ene  are  its  oxidisabilitjr  to  phtiialic 
arrid  and  tfie  coii  version  of  several  of  its  substitution  prodacta  into 
mi\miiUiU9d  phthalic  acids. 

From  the  first  it  follows  that  naphthalene  must  contain  at  least 
oni}  f;rthoiihenylene  nucleus,  which  remains  unchanged  in  phthalic 
add,  with  which  the  group  C4H4  must  be  united  by  me:ui8  of 
two   of  its  carbon  atoms.      If  in   the   latter   group  two  atoms  of 
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hydrogen  are  replaced  by  2C1  and  two  others  by  20,  dvcfdor-naphtho' 
quinone^  C6H4:C4Cl202,  results,  which  on  boiling  with  nitric  acid 
yields  phthalic  acid,  the  orthophenylene  group  remaining  intact.  By 
treatment  of  dichlor-naphthoquinone  with  phosphoric  chloride, 
pentachlor-naphthalene,  C6H3Cl:C2Cl4,  is  formed  according  to  the 
equation  : 

CioH^ClaOj  +  2PCI5  =  2POCI3  +  Hfil  +  CioHaCls, 

and  this  on  oxidation  3rields  not  monochlor-  but  tetrachlor-phthalic 
acid.  For  this  reaction  the  formula  given  above  must  be  rewritten 
as  C4H3Cl:C6Cl4,  where  C6CI4  is  the  intact  remaining  tetrachlor- 
orthophenylene,  and  contains  the  carbon  atoms  of  the  groups  O4H4 
and  C4CI2O2,  which  were  previously  oxidised.  Naphthalene  must 
therefore  contain  two  orthophenylene  groups,  which  can  only  be  the 
case  on  the  supposition  of  two  carbon  atoms  common  to  both. 

Designating  the  single  carbon  atoms  in  naphthalene  by  numbers  : 

H.C       C.H 

H-dg    d;  fib.H 

I     n    T 

Ix.Og  02      4C'.jHL 

\io/\3/ 
H.C        C.H 

these  changes  will  be  represented  by  the  formulse  : 


H.C 

n.Cg  ,c 


1 


\ 


II  >C4a202 


H.C 
H.Cg    iC.CO.OH 


H.C9    2O/ 

\.o/ 
H.C 

Dichlor-naphthoquinone. 


6 


C.Cl 

d;  5C.C1 

^Ca    4C.CI 

Vc 

Pentachlor-naphthalene. 


CIH3.C4/1I 


H.C9     J^,Q0.OK 
H.C 

Phthalic  acid. 

C.Cl 
HO.OC.C,    5C.CI 

H0.0c.C2  4C.a 

C.Cl 

Tetrachlor-phthalic  acid. 


1191.  Naphthalene  occurs  to  a  considerable  extent  in  that  portion 
of  coal  tar  distilling  between  180°  and  220°,  from  which  it  crystallises 
on  cooling.  The  mass,  after  freeing  from  oil  by  pressing,  yields,  on 
recrystallisation  from  hot  alcohol,  or  more  readily  by  sublimation,  pure 
naphthalene  in  the  form  of  colourless  shining  leafy  crystals,  of  peculiar 
odour  and  burning  taste ;  it  melts  at  79*2°  and  boils  at  218°.  Its  sp. 
gr.  is  '977  at  the  fusing  point,  the  vapour  density  =  4*53.  It  is 
insoluble  in  water,  difficultly  soluble  in  cold,  readily  soluble  in  hot 
alcohol,  ether,  and  benaxTie.     On   boiling  with  water  it  volatilises 

z  z 
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r*AAi\y  -m'hh  Udi  %f\*i^m.^,  Tx^mr.     It  boms  vhh  a  higiilj 
^zctokr  fUm^  and  ^v€«  vitL  picric  Jkcid  &  compomKl  : 

erywVklhjaTi^  in  fiiy=r  jellow  n«^Iks  grooped  in  stdbite  IbnnflL 

X;<ip(jtL^l«ne  oocon  in  the  prcidiKtr?  r>f  the  dir  distflLuian  of  iwili 
ain  onzanic  b^^e^  and  is  o>Xj&in£d  bj  pa«ng  the  Tmpour  ctf"  yjieatl- 
\/ntv\^Tie  di^jTomide  oner  heaUrd  lime : 


On  heating  with  hvdriodic  acid  and  amorphoos  |^io^4ioroB  at  180°  it 
yi«r]dj»  n/ipJuIud^M  Utraft^rid^,  C;..,H,j,  as  a  oolooHeeB  Uqnid  li^^iter 
than  water,  which  IjoiIs  at  205'  ^md  at  a  red  heat  deocMnposea  into 
n;ip(jtlia]ene  and  hydrogen,  and  L«  readily  oxidised  to  phtbalie  ^«d  by 
nitric  acid, 

S^jA«tiiutif/n  Product*  of  Xaphihalene, 

\\%2.  By  replacement  of  a  single  hydrogen  atom  in  iU4>htha2ene 
two  wtmmt:  comfioun'li!  can  re«ult,  bat  in  no  case  have  more  thaw 
two  W;n  oFji^erve^l.  Thiii  agrees  with  the  formula  already  giTcn, 
according  to  which  the  positions  3,  6,  7,  and  10  are  of  equal  Talae, 
whilst  the  (Kwitionfi  4,  5,  8,  and  9  are  of  equal  value  as  regards  one 
another  but  of  different  value  as  regards  the  first  four.  These  two  seta 
of  four  [lositions  may  be  distinguished  by  the  letters  a  and  fl  as  shown 
in  the  formula : 


With  rcganl  to  assigning  the  positions  a  and  /3  to  ni^hthakne 
dftfivativfis,  it  has  licjen  shown  that  on  oxidation  of  ordinary  nitro- 
naphthaleno,  1  :3:4  nitrophthalic  acid,  melting  at  212°,  is  obtained, 
from  which  it  follows  tliat  the  nitix)  group  must  have  oocapied  the  a 
|K>Kition  in  nitro-naphthalene.  By  reference  to  this  body  the  p>ositions 
of  the  other  naphtlialenes  can  be  settled.  It  may  be  added  that  direct 
exjKJi'iments  liavo  shown  that  all  four  a  positions  are  really  of  the 
samo  valuo  in  mono-Kul>8titutcd  naphthalene  derivatives. 

In  ord*»r  to  indicjito  the  positions  to  be  assigned  to  the  positions  of 
rfjplacoment  the  following  signs  will  be  cmployeil : — The  numbers  1 
and  2  annexed  U)  the  a  and  j]  positions  will  serve  to  show  which  n  or 


n,      a, 


ft 

ft\/\ 
a, 

ft  position  is  meant.  If  a  single  line  is  drawn  between  the  two  sym- 
l)ols,  it  will  indicate  that  the  replacement  positions  are  in  the  same 
hcxngon,  e.g.  ay  -ft^  ;  if,  on  the  contrary,  two  lines  are  drawn  between 
the  symbols,  it  will  indicate  that  the  subHtitution  has  occurred  in  both 
tlio  hoxiigons,  e.g.  a,=fi,. 
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On  replacement  of  two  hydrogen  atoms  in  n&phtfaalene  the  po^ible 
cases  of  iaomerilim  become  much  more  numerous.  When  the  replacmg 
groups  are  the  same  ten  isomers  are  possible,  the  number  of  possible 
isomers  being  still  larger  in  the  case  of  the  tri  (14),  tetra  (22),  and 
penta  (14)  derivatives.  It  is  not  surprising  under  these  circumstances 
that  oonsiderable  uncertainty  exists  in  some  of  the  previous  observa- 
tions and  views,  and  therefore  only  a  few  of  the  more  important 
compounds  will  be  noticed  here. 

1193.  ChloriTie  Derwatiw»  of  Naplithal^ut. — On  passing  dry 
chlorine  gaa  into  naphthalene,  they  unite  to  form  naphtkalerte  di- 
ehUrridf.,  HioH,C!j,  a  heavy,  pale  yellow  oil,  which  unites  with  more 
chlorine,  being  converted  into  napfuhaleTie  Ulritehioride,  OigHgCI^. 
This  forms  monoclinic  crystals  and  melts  at  182''.  Contuiued  action 
of  cblorine  further  converts  this  into  chlorinated  chlor-addition 
^nAMctR—ehioT-rMphthalene  UtraeMoride,  CioH,CIb,  melting  at  128°- 
130°,  and  didiior-naphthakne  UtToehloride,  CioHjClj,  melting  at 
172°. 

These  addition  products  decompose  at  higher  temperatures,  or  more 
simply  by  boiling  with  alcoholic  potassic  hydrate,  half  the  added 
chlorine  being  eliminated,  toj^tber  with  an  equal  number  of  hydrogen 
atoms  (comp.  §  956),  and  chlor-substitution  derivatives  of  naphtba- 
lene  formed. 

OipHfCl,  u-raonoehloT-naplukalene,  obtained  as  above  from  naph- 
tbalene  dichloride,  is  a  colourless  oil ;  it  boils  at  263°  and  again  unites 
with  chloi-ine,  forming  chlor-naphthalene  tetrachloride. 

/3  Monoddor-naphthalffM,  prepared  by  the  action  of  phosphoric 
chloride  on  f3-naphthol,  forms  colourlees  crystals,  melts  at  61°,  and 
boUa  at  256°-2B8°. 

Dichlor-naphthalenta,  CioHgClj.  Naphthalene  tetrachloride,  when 
boiled  with  alcoholic  potash,  gives  a-dichlor-TUipht/ialene  {(i — 1)  as  a 
crystalline  mass,  melting  at  35°-36°  and  boiling  at  280*'-282°. 
Another,  fi-dichlor-napkl/iiilene  (a, — □,),  is  obtained  by  dry  distiUa- 
tion  of  CioHja, ;  it  melts  at  67°-68°,  and  boils  at  281°-283°. 

The  constitution,  source,  and  melting  points  of  the  other  dichlor- 
naphthalen«6  may  be  shortly  indicated : — 

a,=a^        from  C,„H,NO,  and  CI m.p.  107° 

a|=n,  „      /i-CoHgiNOj),  andPCls.      .      . 

»^1  „     <i-C|oHn(SOiOH).,  audPCl,.     . 

li=1a  „     /3-C|oH6{SOjOH)j  «n(l  PClj.     . 

/'   '  „    /3-C,(,1Ie(NOj).80i.OH  and  PCIb 

li    1  „    c-C,oHg(NOa)a05.0HaadPClB     .        „    61-5° 

Six  IruAhr-naphthalenei,  CioHgCl},  have  been  prepared,  of 
which  the  most  important,  a-trichlor-TiaphthaUne,  prepared  from  chlor- 
naphthalene  tetrachloride,  forms  prisms  and  melts  at  81°. 

a     !     !  from  CioHjNOj  and  CI m.p.     90° 

ail  „  „  „  ,,103° 

n,— o,=a,       „   PCl,andeithera-or/3-CioH„Cl(NO,),l  ,„,„ 

or  Y-C,oHjClj(NO),  /      "     "'^ 

flit  „     rC,oHjCls.NO,  and  PUlj 66° 

/J— 1=/3  „     CioH,Cl,.SO,Cl,  by  successive  treat-"! 

meat  with  alcoholic  KHO  and  >      „       66° 
PC's  J 


o 
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Tetra^chlar-naphthalenes,  — o  -  Telrachlar-naphihalene  (a  i  — a  ,)  : 

C,oH4Cl4, 

prepared  from  CioHeClg,  crjstallifles  in  oolourleas  needles,  meltiiig  at 
130°.     Four  isomers  are  known,  namely — 

f  by  the  action  of  chlorine  on  nitro-naph-  1  ,  ^ . 

thalene  ^      )  m.p.  194« 

t  from  a-C,oH6Cl2Cl4  and  alcoholic  KOH  „     176° 

a,=fi5— /5  „  a-ory-C,oH5Cl3Cl5ory-C,oH6ClsCl4,  "1 

by  treatment  with  alcoholic  potash       /  »» 

a^=a^  „     X.C,oH4Clj(N02)8  and  PCI5  .      .     .  „     180° 

As  already  mentioned,  the  action  of  phosphoric  chloride  on  dichlor- 
nsL^hthoquinone  forms  pentachlor-TiaphthaleTie,  CjoBLjClg,  which  crys- 
tallises in  needlesand  melts  at  168*5°.  PerMor-naphthaleney  CiQCla  (!), 
the  end  product  of  the  action  of  chlorine  on  naphthalene,  in  the 
presence  of  antimonic  chloride  forms  prisms  melting  at  135°. 

1194.  By  bringing  together  naphthalene  and  bromine  practically 
only  substitution  products  are  obtained.  The  addition  prodnctB  are 
far  less  stable  than  those  of  chlorine. 

CioH7Br.  On  mixing  solutions  of  equal  molecules  of  bromine  and 
naphthalene  in  carbon  disulphide,  a-monobrom-naphtfuUene  is  formed  as 
a  colourless  oil,  boiling  at  285°.  ft-Monohrom-naphihalene  is  formed  by 
the  action  of  hydrobromic  acid  on  the  diazo  compound  of  i3<>naph- 
thylamine ;  it  crystallises  in  white  plales  and  melts  at  68°. 

a-Dibrom-naphthalene  (qj — a^)  is  obtained  by  the  further  action  of 
bromine  on  a-monobrom-naphthalene ;  it  crystallises  in  needles  meltiDg 
at  81°.  An  isomer  melting  at  126°  (fijz^aj)  is  obtained,  together  with 
another,  melting  at  77°  (/3 — /3),  by  the  decomposition  of  a-naph- 
thalene  sulphonic  acid  with  bromine  : 
(ft — ?)  from  the  action  of  naphthalene  and  1         ., 

bromine  /  "^^^^  ^^         61° 

(1=?)                   „     a-C,oH6(S02.0H)2  and  PBr^  „  uo-5 

{f3=a)                „      C|oHeBra(S02.0H)^andPBr5         „  159.5 

(«2-  Pi)  ,.      CioHsBra.NHj „  64 

Trihrom-maphthalenes  : 
a, — a2=z:a       from  C,oH5Br2(N02),  m.p.  116*5°   and 

PBr, in.p.     85° 

/3     1    1  „     /5-C,oH,Br2.S02.0H  and  PBr,  .     .  „     86-5° 

?     ?     ?  „     CioHsBrjBra  and  alcoholic  potash  .  ,,        750 

Tetrahrom-naphthalene  and  pentaibrom-naphthalene  are  crystalline 
solids.  If  naphthalene  remains  for  a  long  time  in  contact  with 
excess  of  bromine  it  yields  colourless  rhombic  plates  of  dibrom- 
naphthalene  tetrabromide. 

a-Iodo-naphthaUne  is  a  colourless  liquid,  prepared  by  treatinir 
mercury  dinaphthyl  with  iodine  ;  it  boils  above  300°. 

1195.  Nitro-TuiphthaUn^a, — Concentrated  nitric  acid  reacts  ener- 
getically on  naphthalene ;  in  the  cold  there  is  formed 

a-NUro-naphthalene,  CjoHyNOj,  crystallising  in  sulphur-yellow 
prisms,  melting  at  61°  and  boiling  at  304°.  On  heating  with  nitric 
acid  until  the  oily  nitro-naphthalene  has  disappeared  it  is  converted 
into  two  isomeric 
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Dinitro-naphthalenes,  CioH5(N02)2,  of  which  that  more  difficultly 
soluble  in  alcohol  (aj=a2)  forms  sublimable  colourless  prisms, 
melting  at  216°,  the  more  readily  soluble  fi-dinitro-naphthcUene 
((ij=:ai)  melting  at  170°  and  exploding  at  higher  temperatures.  A 
thii*d  isomer  (aj — /3),  melting  at  144°,  is  obtained  by  the  action  of 
ethylic  nitrite  on  CioH5(N02)2NIl2.  Three  trinitro-naphthalenes 
are  known:  two,  melting  respectively  at  147°  (a,:=a2l)  and  122° 
(ai^zrijl),  are  obtained  by  the  action  of  nitric  acid  on  a-dinitro- 
naphthalene;  the  third  (ai=:ui?),  melting  at  214°,  by  nitration  of 
/3-dinitro-naphthalene.  a'Tetranitro-nap/Uhaletie,  CioH4(N02)4,  is 
obtained  by  nitrating  a-CioH6(N02)2 ;  it  melts  at  259°.  j^'Tetranitra- 
naphthalene  is  similarly  obtained  from  /3-CioHe(N02)2J  it  melta  at 
200°. 

1196.  Amid(Hfiaphihalene8, — Unless  otherwise  mentioned  these 
bodies  have  been  prepared  by  reduction  of  the  corresponding  nitro- 
naphthalenes  by  ammonic  sulphide  or  by  tin  and  hydrochloric  acid. 

a-Amido-naphthalene,  naphthfflamine,  or  naphthalidifie,  crystallises 
in  thin  colourless  prisms,  and  has  an  unpleasant  odour,  like  that  of  the 
excrements  of  mice ;  it  is  scarcely  soluble  in  water,  more  readily  in 
alcohol,  melts  at  50°  and  boils  at  about  300°. 

In  its  chemical  behaviour  a-amido-naphthalene  closely  resembles 
aniline ;  exposed  to  air  it  oxidises,  acquiring  a  red  colour.  It  yields 
crystalline  salts  with  acids,  mostly  soluble  in  water,  and  on  heating 
with  glacial  acetic  acid  forms  long  fine  crystals  of  acetnaphthalide^ 
CioH7.N(C2H30)H,  whose  solution  in  glacial  acetic  add,  on  treatment 
with  fuming  nitric  acid,  yields  three  isomeric  nttro-acetnaphthalides, 
C,oH6(N02)N(C2H30)H.  Naphthalidine  hydrochloride  reacts  on 
aniline  on  long  heating  at  280°,  forming  ammonic  chloride  and 
2)^ienf/l  naphthcUidine,  C]oH7.N(CeH5)H.  This  latter  crystallises  in 
warty  forms,  melts  at  60°,  and  possesses  very  weak  basic  properties. 
Treated  with  carbon  disulphide,  naphthalidine  yields  dinaphihyl 
thiourea,  CS(N.CioH7.II)2. 

Nitrous  acid  converts  the  salts  of  n-naphthylamine  into  those  of 
diazo-miphthalen^,  e.g.  C10H7.N2.HNO3,  which,  on  boiling  their 
solutions,  decompose  into  nitrogen,  free  add,  and  a-naphthol  ^comp. 
§  976).  On  conducting  niti*ous  anhydiide  into  a  cold  solution  of 
free  naphthalidine,  yellowish  bi*own  plates  of  the  formula  C20H15O3, 
diazo-amido-miphthalene,  CioH7.N2.N(CioH7)H,  separates.  It  is  ex- 
[)losivc,  and  on  heating  even  with  weak  adds  decomposes  into 
nitrogen,  a-naphthylamine,  and  a-naphthol. 

(^-Amido-naphthalene  is  obtained  by  reduction  of  CioHgBr(N02) 
(m.p.  131°-132°)  with  tinand  hydrochloric  add;  it  melts  at  112°.  Its 
salts  are  reduced  to  those  of  0-diazo-naphthcUene  on  treatment  with 
nitrous  add. 

1197.  Ammonic  sulphide  reduces  a-dinitro-naphthalene  in  the 
cold  to  a-nitramido-naphlhalene  (a  1=02),  forming  small  red  crystals 
melting  at  118°-119°,  which  on  further  action  of  reducing  agents  is 
transferred  into  a-diamido-naphihalene,  or  naphthylene  diankine, 
CioH6(NH2)2  (<Ki=a2)*  ^^  latter  crystallises  in  shining  prismA, 
melts  at  160°,  and  yidds  difficultly  soluble  salts  with  sulphuric  and 
hydrochloric  adds. 

Isomeric  nitro-amido-naphthalenes  have  been  prepared  from  nitro- 


7M         r/0M^^:%zm  09  rryfZ»€Si^3Ej  iSBXEfl, 
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amif*A,  C,^H),X;|,  lc«iM^wisi6M!r  ifthii  ccevrm  tamm/atot  «s  a  fine  red 

irfii/rh  i^n'iMy  fnhli>^.  fm  tfXpfjKorf:  to  jut.     A  third  isomer  ift  obCjuned 
f/y  fMwXitm  fA  /^linitro-ria^thAleDe. 

1196.  SajMhtiUn/',  mdjA/mic  adds  are  formed  on  beatizi|r  napli- 
t}tuUif0i  with  cr/ne^jtrsU^l  ^pbnric  ftcid.  If  the  tempetature  is  kepc 
HM  )//w  ftn  poMdhle  a-napht/i^tlen^  rndpfumie  acid^  C,oH7.SO^OH 
itHAt,  ^.Tf"'W'),  M  principally  o}Aedn»\^  together  with  scxn6  qimntitj 
#/f  ihtt  mrtumc  j^-'n^/phlhnUrM,  tulph/nie  acid.  At  160^  onlj  the  Istter 
mntl  Im  (Afiniwftlf  tut  the  fr/rmer  in  ocmverted  into  it  b^ow  this 
Unnittjntinrtf,  The  acids  can  be  separated  from  one  another  in  the 
foniiH  of  tlieir  baric  or  lead  Halts,  the  respective  solabilities  of  whidi 
at  10'  nm 

(^>ioH7.H(V>;jlJa,H,0     require«  87  parts  of  OH,  and  350  parts  <^ 

85  %  alcohol. 
(iiu,U.,H()^,())^Vh,:iU./)    rerjuires  27  parts  of  OHj  and  71  parts  of 

85  %  alcohol. 

fhAiritl. 

((.',, ,n7.H()a.O).^I^,H20   iwiuires  290  parte  of  OHa  and  1,950  parts 

of  alcohol. 
((;,oH7.H()a.())jPb,H3(>    requires  115  parts  of  OH,  and  305  parts 

of  alcohol. 

On  heatinp;  thoir  potasfiic  salte  with  phosphoric  pentachloride 
iNoriHirid  cryMtiillin«  rmphthaUne  svlphon-chtorides,  CioHy.SO^Cl,  are 
foriiMMl,  of  which  the  a  compound  melts  at  C6°,  the/3  compound  at  76°. 
Zinc  and  dilute  sulphuric  ncid  reduce  both  sulphon-chlorides  to 
hifdroihioiuiphihale'Mi,  The  «  compound  is  an  oil  of  nauseous  odour, 
Iniilin^  at  285**;  the  ft  compound  crystallises  in  scales  and  melts  at 
IJW"  ;  both  l)ohavo  like  true  mercaptans. 

!/)ng-(!ontiiiued  boating  of  naphthalene  with  much  sulphuric  acid 
(M)nv(^rtM  it  into  two  isomeric  naphthalene  diaulphonic  aads.  With 
Hulphurio    anhydride    naphthalene    yields    sulphon-naphihaUne^    or 
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dinaphthyl  sulphone,  (CioH7)2S03.  Chlorinated,  nitrated,  amidated, 
<bc.,  Bulphonic  and  disiilphonic  acids  are  known. 

Phenol  amd  Quinonea  of  Naphthcdene* 

1199.  NaphthoUy  C10H7.OH.  Both  the  naphthalene  hydrates 
corresponding  to  the  isomeric  sulphonic  acids  are  known.  They  are 
pi*epared,  analogously  to  the  formation  of  phenols,  from  the  benzene 
sulphonic  acids,  by  fusing  the  respective  benzene  sulphonic  acids  with 
potassic  hydrate : 

CjoHy.SOaOK  +  2K0H  =  K2SO3  +  HjO  +  CioH^.OK, 

and  are  extracted  with  ether  after  the  fused  mass  has  been  acidulated; 
they  are  also  obtained  by  boiling  the  salts  of  the  corresponding  diazo- 
naphthalenes  with  water  (comp.  §  976).  They  behave  towards 
alkalies,  carbonates,  (&c.,  like  true  phenols,  and  are  difficultly  soluble 
in  water,  even  on  boiling. 

a-Naphthol  crystallises  in  monoclinic  prisms,  melts  at  94°,  and 
boils  at  278^-280°. 

fl-  or  isonaphthol  forms  colourless  rhombic  tables,  melts  at  122% 
and  boils  between  285*»  and  290°. 

Ferric  chloride  oxidises  both  naphthols  to  C'2oHi402  (naphthyl 
peroxides,  C,*oll7.0.0.CioH7 1),  of  which  the  a  compound  forms  silvery 
plates,  melting  at  300°  j  the  /3  compound  crysttvllises  in  prisms  and 
melts  at  218°. 

The  potassium  derivatives,  C10H7.OK,  yield  with  ethylic  iodide 
two  isomeric  najyhtht/l-ethyl  ethers,  C10H7O.C2H5.  The  a  compound  is 
liquid  and  boils  at  272° ;  the  /3-other  is  solid,  melting  at  33°.  The 
naphthols  react  with  acetyl-chloride,  forming  iiaphihyl  acetates : 

010x17.0.021130. 

a -Naphthyl  acetate  is  an  oil ;  the  fl  compound  is  solid  and  melts  at 
60°. 

1200.  Substitution  products  of  the  naphthols  have  also  been  pre- 
pared. Nitro-a-naphthols,  C|oH5(N02).OH.  Two  bodies  of  this 
formula  have  been  obtained  by  boiling  nitro-acetnaphthalides  with 
potash.  n-Nitro-a-naphthol  («! — U2)  melts  at  164°  and  crystallises 
in  bright  yellow  prisms;  the  isomer  (02 — fl)  melts  at  128°  and 
cryst*illises  in  greenish  yellow  plates.  Nitro-fi-iiaphthol  {ft — 1)  melts 
at  96°. 

Three  nUroso-naphthols  are  known,  corresponding  in  composition 
to  the  above,  into  which  they  &ve  converted  by  oxidation.  They  are 
formed  by  the  action  of  nitrous  acid  on  the  naphthols.  The  two  from 
a-naphthol  melt  at  175°  185°  and  145°-150°  i-cspectively ;  that  from 
/3-naphthol  melts  at  1 10°.     Dinitro-a-naphthol  (n  | — ft — a  2) : 

C,oH,(NO,),.OH, 

is  of  more  importance,  as  its  calcic  and  .^ic  salts  form  splendid 
yellow  dyes  known  as  naphthalcve  yellow.  It  cannot  be  prepared 
directly  from  a-naphthol,  but  is  obtained  by  the  action  of  nitric  acid 
of  1*35  sp.  gr.  on  naphthylamine,  or  by  heating  the  latter  with 
diazo-naphthalene  hydrochlorideu     It  crystallises  from  boiling  chloro 
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form  in  shining  sulphur  yellow  needles,  melts  at  138^,  and  deoomposa 
carbonates. 

Tin  and  hydrochloric  acid  reduce  it,  large  colourless  prLsms  of  tlie 
double  salt  of  stannous  chloride  with  diamido-naphthol  : 

CioH4(OH) :  (NH,a)a,8na„2H,0, 

being  formed.     After  separation  of  the  tin  by  sulphuretted  hydrogen 
the  solution  containing  the  diamido-naphthol  hydrochloride  slowly 
oxidises  in   the  air,  or  more  quickly  on  addition  of  ferric  chloiide 
yielding  divmido-naphthol  hydrochloride : 

CioH5(OH)(NH3Cl),  +  FejCle  +  C,oH5(OH)N2H3Cl  +  2Fea, 

+  3Ha. 

From  this  salt,  which  crystallises  in  red  prisms  or  tables  of  metallic 
green  lustre,  ammonia  separates  yellow  crystals  of  diimido-naphthol, 

,NH 
CioHgNjO  =  CjoH5(OH)/  |     ,  which  appears  to  be  Aydrosa-nopA^^ 

(comp.  §  976). 

Dinitro'fi-m/iphthol  is  formed  directly  on  heating  /3-naphthol 
with  dilute  nitric  acid.  It  crystallises  in  yellow  needles,  melting  at 
195^ 

1201.  Naphtho-quvnone,  CjoHgOj  (a — a),  is  obtained  by  oxidation 
of  najjhthalene  dissolved  in  glacial  acetic  acid  with  chromic  add,  the 
product  being  then  distilled  with  water.  It  is  readily  soluble  in 
ether  and  hot  alcohol,  and  crystallises  in  large  sulphur  yellow  tables 
of  persistent  odour;  it  melts  at  125°,  but  sublimes  slowly  at  far 
lower  temperatures.     Nitric  acid  oxidises  it  to  phthalic  acid. 

fl'N'aphtho'quinone  (fi —  ?)  is  prepared  from  nitros(>-/3-naphthol  by 
amidation  followed  by  oxidation.  It  crystallises  in  orange  yellow 
needles  and  melts  at  96°. 

Naphtho'hydroquinone,  C,oH6(OH)2  (a — a),  \&  prepared  by 
heating  naphtho-quinone  with  hydriodic  acid  and  amorphous  phos- 
phorus. It  crystallises  in  needles,  is  moderately  soluble  in  water, 
melts  at  176°,  and  is  retransfonned  into  naphtho-quinone  by  oxidising 
agents. 

Dioxy-naphthulene,  isomeric  with  the  preceding,  is  prepared  by 
fusing  naphthalene  disul  phonic  acid  with  potassic  hydrate.  It  crystal- 
lises in  needles,  which  become  violet-coloured  on  exposure  to  light, 
and  melts  at  186°.  Its  alkaline  solutions  eagerly  absorb  oxygen  and 
become  of  a  black  colour. 

A  third  isomer  (a  1=^02),  obtained  by  indirect  processes  from 

CioH6(N02).S020H, 

prepared  from  a-naphthalene  sulphonic  acid,  melts  above  220^. 

1202.  Hydroxy-naphthoqui/none,  or  naphthalic  add  : 

0,oHs(Og)Oj, 

u  formed  by  heating  diimido-Daphtbol  at  120°  with  dilute  solpharic 
or  hydrochloric  acids : 

0«H,(OH)(NH),  +  2H2O  +  HjSO^  =  CgH5(0H)O, 

+  (NH4)jS04. 
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It  forms  clear  yellow  needles,  and  can  be  sublimed ;  it  is  but  little 
soluble  in  boiling  water,  readily  so  in  alcobol  and  ether.  It  decom- 
poses carbonatevS  with  evolution  of  carbonic  anhydride,  and  yields  blood 
red  alkali  salts,  which  are  readily  soluble  in  water.  Tin  and  hydro- 
chloric acid  convert  it  into 

Trihydroxy-naphthalene,  C,oH5(OH)3  (a, — ft — a^,  which,  after 
removal  of  the  tin,  can  be  extracted  from  the  solution  by  shaking 
with  ether.  It  crystallises  in  yellow  needles,  is  readily  soluble,  and, 
especially  in  alkaline  solutions,  exei*ts  a  strongly  reducing  action, 
potassic  naphthalate  being  formed. 

1203.  Dihydroxy-naphthoquhwne : 

C,oH4(OH)202  (a,— a2=«a— 1), 

or  nnphthazarine,  is  a  colouring  matter  closely  resembling  alizarine ; 
it  crystallises  in  long  red  needles  of  golden  green  lustre.  It  is 
obtained  by  heating  a  solution  of  four  parts  of  a-dinitro-naphthalene 
in  40  parts  of  concentrated  sulphuric  acid  and  four  parts  of  Nordhausen 
sulphuric  acid  to  200°,  and  then  adding  fragments  of  granulated  zinc, 
the  temperature  being  kept  between  195°  and  205°.  As  soon  as  a 
sample  appeal's  of  a  fine  red  colour,  and  separates  red  flocks  on  cool- 
ing, the  solution  is  diluted  with  four  times  its  volume  of  water,  filtered 
from  the  separated  black  mass,  and  the  diluted  filtrate  boiled,  whereby 
the  naphthazarine  is  pi*ecipitated.  It  is  obtained  pure  by  recrystal- 
lisation  from  alcohol ;  it  dissolves  in  alkalies  with  blue  or  violet 
colour. 

The  following  bodies  are  also  disubstituted  naphtho-quinones : — 
Dichlor-naphiJioquinoney  C10H4CI2O2  (a, — ft^ — fti — "2)>  ^  P^^ 
pared  by  the  action  of  nitric  acid  on  chlor-naphthaleno  tetra- 
chloride, or  by  the  oxidation  of  naphthol  or  naphthalene  yellow  with 
potiussic  chlorate  and  hydrochloric  acid ;  it  crystallises  in  golden  yellow 
neodles,  melts  at  189°,  and  is  soluble  in  alcohol  and  ether.  Hot  con- 
centrated nitric  acid  oxidises  it  to  phthalic  acid ;  phosphoric  chloride 
at  180°-200°  converts  it  into  pentachlor-naphthalene  (§  1193),  sul- 
phurous or  hydriodic  acid  into  dichlor-dihydroxy-napht/ialene : 

C,oH,Cl5(OH)j, 

whilst  solution  of  potassic  hydrate  converts  it  into  the  potassic  salt 
of  chlor-hydroxy-naphthoquinone^  CioH4Cl(OH^02.  This  latter  is  a 
difficultly  soluble,  yellow,  crystalline  powder,  wnich  melts  above  200® 
and  sublimes  in  needles.  Phosphoric  chloride  converts  it  also  into 
pentachlor-naphthalene. 

Trihydroxy-naphthoquimyiiey  CioH3(OH)302,  is  formed  at  the 
same  time  as  naphthazarine  as  an  amorphous  powder  of  red  metallic 
lustre,  dissolving  in  alkalies  with  bluish  violet  colour. 

1204.  Mercury  dinaphthyl,  Hg(C,oH7)2,  va  prepared  by  boiling  a 
mixtiu^e  of  brom-naphthalene  and  benzene  with  sodium  amalgam.  It 
crystallL«;es  in  rhombic  prisms,  difficultly  soluble  in  hot  alcohol,  readily 
in  chloroform  ;  it  melts  at  243°  and  generally  behaves  like  mercury 
diphenyl  (§  980). 

Homohguea  of  Naphthalerie. 

1205.  These  bodies  are  prepared  by  the  action  of  sodium  on  a 
mixture  of  monobrom-naphthalene  and  an  alkyl  haloid. 
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Methyl  naphthalene^  Ci|H|o  =  C10H7.GH3,  is  obtained  as  a 
oolourless  thick  oil  of  sp.  gr.  1  '0287,  boiling  at  232°. 

Ethyl  naphUialene^  Ci3H,2  =  CioHy.CjHs,  closelj  reeembles  the 
preoeding  and  boils  at  252°. 

1906.  DerivcUvves  of  Methyl  Naphthalene. — ^Aloohols : 

O)  Qri7.0H2*^-K> 

have  not  yet  been  prepared,  but  two  adds  are  known  of  the  formula 
G10H7.GO.OH,  the  naphihyl  carbonic  or  naphthoic  acids  and  an 
aldehyde,  CjoH^.CHO. 

The  naphthoic  adds  are  prepared  from  the  potaasic  naj^tlialene 
Bulphonatee,  which  by  dry  distillation  with  potasdc  cyanide  are  each 
converted  into  a  naphthyl  cyanide,  CioHy.CN.    a-Naphtht/l  cyanide 
crystallises  from  alcohol  in  colourless  broad  needles,  melts  at  37*5*', 
and  boils  at  298° ;  ft-naphihyl  cyanide  forms  plates  melting  at  66'5° 
and  boiling  at  305°.     On  boiling  with  alcoholic  potassic  hydrate  both 
evolve  ammonia,  and  are  converted  into  salts  of  the  corresponding 
naphthoic  adds,  from  which  the  free  adds  can  be  obtained  on  acidu- 
lating with  hydrochloric  add.     These  closely  resemble  benzoic  add, 
form  salts,  chlorides,  amides,  (C10H7.CO.NH2),  <S^.,  in  the  usual  way, 
and  yield  naphthalene  on  distillation  with  lime. 

a-Naphthoic  acid  has  also  been  prepared  by  fusing  a-naphthalene 
sulphonic  add  with  sodic  formate.  It  crystallises  in  colourless  needles, 
melts  at  160°,  is  difficultly  soluble  in  boiling  water,  readily  in  hot 
alcohol.  The  calcic  salt,  (CioH7.CO.O)2Ca,2H20,  requires  93  parts  of 
water  at  15°  for  solution.  Eihylic  a^naphthoate  is  prepared  by  the 
action  of  sodium  amalgam  on  a  mixture  of  a-brom-naphthalene  and 
ethylic  chloro-carbonate  (comp.  §  1045,  la);  it  is  an  oil  boiling  at 
309°.  A  mixture  of  fuming  nitric  acid  and  sulphuric  acid  converts 
a-naphthoic  acid  into  a-nitro-naphthoic  add,  forming  clear  yellow 
needles  melting  at  194°. 

ft-  or  isonaphthoic  acid  melts  at  182°  and  boils  above  300°.  Its 
caldc  salt  requires  1,400-1,800  parts  of  water  for  solution.  Nitro- 
ft-naphthoic  add  melts  at  228^  On  dry  distillation  of  an  intimate 
mixture  of  calcic  /3-naphthoate  and  formate  isonaphthoic  aldehyde : 

CjoHy.COH, 

is  obtained  in  the  form  of  leafy  crystals,  melting  at  59 '5° ;  it  is  scarcely 
soluble  in  boiling  water,  but  volatilLses  in  steam. 

Phosphoric  chloride  converts  both  naphthoic  acids  into  naphthoyl 
chlorides,  C10H7.COCI,  of  which  the  n  compoxmd  is  liquid  at  ordinary 
temperatures,  the  /3-chloride  crystalline,  but  readily  fusible. 

1207.  Hydroxy-naphthoic  acids,  or  carbo-^iapluholic  acids : 

C,oH6(OH)CO.OH, 

are  obtained  by  the  simultaneous  action  of  sodium  and  carbonic  an- 
hydride on  the  naphthols  (comp.  salicylic  acid,  §  1061).  a-Carbo- 
naphtholic  acid  crystallises  from  alcohol  and  ether  in  stellate  groups 
of  colourless  needles,  and  melts  at  185°-186° ;  its  salts  give  an  intense 
blue  coloration  with  ferric  chloride.  ft-Carbo  na^pluholic  acid  requires 
further  investigation. 

Other  isomers  are  obtained  by  solution  of  the  naphthoic  adds  in 
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sulphuric  acid  and  decomposition  of  the  resulting  sulpha- naphthoic 

SO  OH 
ctcide,  ^10^6 QQQ^f  ^7  fusion  with  potaasic  hydrate.     The  three 

hydroxy-a-naphthoic  acids  melt  respectively  at  234®-237°,  at 
245°-247°,  and  at  186^-187°;  hy^roxy-fl^naphthoic  acid  melts  at 
212°-213°. 

1207a.  Naphthalene  dicarbonic  addsy  CioH6(CO.OH)2.  Three  of 
these  bodies  have  been  prepared  by  boiling  the  corresponding  dicyano- 
naphthalenes  with  adds.  The  source  of  the  cyanides,  their  melting 
points,  and  the  melting  points  of  the  resulting  adds  are  given 
below  : — 

Cyanide.  Resulting  Acid. 

(a=a)  m.p.  204^  from  CiVHeBrSOaOH  and  KCy     ".   y-  m.p.  240^ 
(1=1)  m.p.  262°,  from  a-CioH6(SOj.OH)2  and  KCy   .   a-  m.p.  above 

300°. 
(/3— 1)m.p.296°-297°,from/3-CioH6(S02.0H)2andKCy  /3-m.p.  above 

300°. 

A  fourth  isomer,  naphthalic  add,  is  obtained  by  the  oxidation  of 

acenaphthene  by  chromic  and  dilute  sulphuric  acids ;  it  crystfUliaes 

in  colourless  needles  or  plates,  and  decomposes  at  140°  into  water  and 

CO 
naphthalic  a/nhydride,  CijHgOs  =  CioHg'p^'O,   melting    at  266°. 

Calcic  naphthalate  yields  naphthalene  on  heating  with  calcic  hydrate : 
C,oH6;^Q;2ca  +  Ca(0H)2  =  2CaC03  +  CjoHg. 

1208.  Acenaphthene,  C12H10,  probably  ethylene  naphthalene : 

yCHa 

^CH, 

is  separated  from  that  fraction  of  coal  tar  distilling  between  260°  and 
280°;  it  can  be  obtained  by  passing  a  mixture  of  ethylene  and 
benzene  vapour  through  a  red-hot  tube,  or  directly  from  ethyl  naph- 
thalene in  a  similar  manner : 

/CH, 
C10H7.CH2.CH3  ^  H2  +  CioHg^  I 

^CHa 

or  by  heating  ethyl  naphthalene  with  a  molecule  of  bromine  at  180° 
and  then  heating  the  product  with  alcoholic  potassic  hydrate.  It 
crystallises  in  colourless  prisms,  melts  at  95°,  boils  at  267°-269°,  and 
is  but  little  soluble  in  cold  alcohol.  It  unites  with  picric  acid  to  form 
red  needles  of  C,2Hio,C6H2(N02)3.0H.  On  passing  its  vapoiu*  over 
ignited  plumbic  oxide  a  hydrocarbon,  CiaHg,  melting  at  92°,  is 

yCH 

obtained  (acetylene  naphthalene  =  CioHg^  jj     1). 

1209.  Conjugated  Naphthalene  Compounds. — The  most  important 
of  these  bodies  are  the  following : — 

1.  Dinaphthyly  C2oH,4  =  C,oH7.CioH7  («=«),  is  prepared   by 
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the  action  of  sodiam  on  a-brom-naphthaleney  or  by  partial  oxidaticm 
of  naphthalene  with  manganic  dioxide  and  gnlphuric  acid,  and  by 
pausing  naphthalene  vapour  through  a  red-hot  tube.  It  crystallises 
in  pearly  plates,  meltn  at  154°,  can  be  sublimed,  is  readily  soluble  in 
ether,  and  yields  phthalic  acid  on  oxidation. 

Isodinaphthyl  (/3 — ^/3),  isomeric  with  the  above,  is  obtained  by 
{Missing  naphthalene  vapour  through  a  red-hot  tube  ;  it  forms  white 
plates  of  slight  blue  fluorescence  and  melts  at  187°.  A  third  isomer 
(a — fl)  is  obtained  at  the  same  time,  crystallising  in  six-«ided  white 
plates,  apparently  monoclinic ;  it  melts  at  76°. 

2.  Phenyl^naphthyl  methane,  CgHj.CHs.CioHj,  is  obtained  by 
heating  100  parts  of  benzylic  chloride  with  80  parts  of  naphthalene 
and  15  parts  of  zinc  dust.  On  distilling  the  product  phenyl-naphthyl 
methane  passes  over  at  320°-350°  as  a  solid  mass,  crystallising  from 
alcohol  in  colourless  needles  and  melting  at  64°. 

Two  phenylrTuipJuhyl  ketones,  CgHj.CO.CioHj,  derived  from  a 
hydrocarbon  of  this  formula,  are  formed  simultaneously  by  heating 
benzoic  acid  with  naphthalene  and  phosphoric  anhydride  (comp. 
§  1147) ;  they  are  also  obtained  separately  by  heating  the  respective 
naphthoic  acids  with  benzene  and  phosphoric  anhydride.  Phenyl- 
€inaphthyl  ketone  forms  prisms  melting  at  75*5®,  the  /3  compound 
needles  melting  at  82°.  They  are  decomposed  by  heated  soda  lime 
into  benzoate  and  naphthalene. 

3.  DinapJuhyl  methane,  O10H7.CH2.C10H7,  is  the  chief  product  of 
the  action  of  sulphuric  add  on  a  mixture  of  naphthalene  and  methylal 
(comp.  §  1145).  It  crystallises  in  colourless  prisms,  melts  at  109°, 
can  be  distilled  unaltered,  and  yields  a  compound  with  two  molecules 
of  picric  acid,  crystallising  in  reddish  yellow  prisms  and  melting  at 
142°-U3°. 

Dinaphihyl  ketone,  CioHy.CO.CioHy,  corresponding  to  dinaphthyl 
methane,  is  known  in  three  isomeric  modifications.  By  heating 
a-naphthoic  add  with  naphthalene  and  phosphoric  anhydride  at  200°, 
or  a-naphthoyl  chloride  with  zinc  and  naphthalene,  or  mercury  di- 
naphthyl with  two  molecules  of  isonaphthoyl  chloride  at  170°,  the  so- 
called  u-dinapkthyl  ketone  is  formed.  On  heating  with  soda  lime  it 
yields  naphthalene,  a-naphthoic  acid,  and  ft-naphthou:  acid.  From  its 
formation  and  decomposition  it  must  be  the  aziz/3  compound. 

By  heating  isonaphthoic  acid  with  naphthalene  and  phosphoric 
anhydride,  or  isonaphthoyl  chloride  with  naphthalene  and  zinc,  two 
further  isomers,  ft-  and  y -dinaphthyl  ketones,  are  formed,  which  are 
decomposed  by  heated  soda  lime  into  naphthalene  and  isonaphthoic 
add.  The  differences  between  the  three  ketones  are  shown  by  their 
crystalline  form,  fusion  points,  and  solubility  in  alcohol  at  19°. 

a-Dvnaphthyl  Ketone  (a=/3). 
Spear-shaped  needles    .     m.p.  135°.      Soluble  in  77  parts  of  alcohol. 

fl-Dmaphthyl  Ketone. 
Needles m.p.  125-5°.     Soluble  in  267  parts  of  alcohol. 

y-Dinaphthyl  Ketone. 
Plates m.p.  165°.     Soluble  in  1,250  parts  of  aloohoL 
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Phenanthrene,  C)i4n,o  =  I         11 

06H4.CH 

1210.  Is  isomeric  with  anthracene  (§  1159),  and,  fix)m  its  method 
of  formation  and  reactions,  must  contain  a  nucleiLS  of  three  condensed 
benzene  rings  (§  1189).  It  occurs  in  that  portion  of  coal  tar  boiling 
between  310®  and  350^,  and  is  obtained  by  recrystallising  the  pressed 
solid  mass  from  alcohol.  It  is  obtained  in  a  state  of  complete  purity 
by  decomposition  by  ammonia  of  its  picric  acid  compound  : 

CmHioAH2(N02)30H, 

which  separates  in  the  crystalline  form  from  a  concentrated  alcoholic 
solution.  It  is  formed  synthetically,  together  with  toluene,  by  passing 
the  vapours  of  stilbene  or  dibenzyl  through  a  red-hot  tube  : 

3  II     =  2C14H10  +  2CgH5.CH3. 

OgHs.CIi 

It  crystallises  in  colourless  plates  of  blue  fluorescence,  melts  be- 
tween 96°  and  100°,  boils  at  340°,  and  dissolves  in  50  parts  of 
alcohol  at  19°.  Chromic  and  sulphuric  acids  oxidise  it  first  to 
phenanthrene  quinone,  and  further  to  diphenic  acid. 

Phenanthrene  appears  to  be  a  diortho  compoxmd,  as  on  oxidation 
of  phenanthrene  quinone  with  alkaline  permanganate  phthalic  acid  is 
obtained.  This  shows  conclusively  that  the  method  of  union  in  at 
least  one  of  the  benzene  rings  is  ortho,  and  renders  it  highly  probable 
that  it  is  so  in  both,  for  it  is  not  likely  that  if  meta  or  para  union 
occurred  no  isophthsklic  or  terephthalic  acid  would  be  formed,  seeing 
that  they  are  both  so  much  more  stable  than  phthalic  acid.  Further 
but  moi'e  complicated  proofs  have  al^o  been  given  as  to  the  ortho 
nature  of  the  union  of  the  two  benzene  rings,  so  that  the  fully  detailed 
formula  for  phenanthrene  becomes  : 

H.C=C.H  H.C=C.H 

/      \      /       \ 
H.0  0— C  C.H 

hV/    V/h 

\      / 
H.Cb=O.H 

1211.  On  heating  with  hydriodic  acid  and  amorphous  phosphorus 
to  210°  phenanthrene  is  converted  into  pherumthrene  tetrahydridsy 
CuH,4,  an  oil  boiling  at  300°-310°  and  difficultly  soluble  in  cold 
alcohol.  Addition  of  bromine  to  a  solution  of  phenanthrene  in  carbon 
disulphide  yifMs  phencmthrene  dibramide,  Cj^HioBra,  crystallising  in 
colourless  prisms  and  decomposing  at  100°  into  hydrobromic  acid  and 
hrom-pherumihrmey  Ci4H9Br.  This  latter  crystallises  in  thin  colour- 
less prisms,  and  by  further  substituting  action  of  bromine  yields  di- 
and  tri-brom-phenanthrene,  0,4HgBr3  and  Ci4H7Brs. 

On  heating  for  a  long  time  with  ooncentrated  sulphuric  add 
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phenanthrene  yields  two  sulphonic  adds,  of  which  only  one  has  as  yet 
been  obtained  in  the  fi*ee  state. 

a-Phenanthreiie  stdphanic  acid  forms  a  crystalline   mass;  it  is 
readily  soluble  in  water,  as  are  most  of  its  salts. 

1212.  Phencmthraquinoney     C14H8O2  =  |  |       ,18  formed  on 

CeH4.C0 
mixing  hot  solutions  of  22  parts  of  chromic  acid  and  10  parts  of 
phenanthrene  in  50  parts  of  glacial  acetic  acid  ;  after  distilling  off  the 
greater  part  of  the  solvent  it  can  be  separated  by  addition  of  water 
and  recrystallised  from  alcohol.  It  crystallises  in  tufts  of  orange 
yellow  needles,  melts  at  198°,  and  can  be  sublimed  without  decom- 
position ;  it  is  readily  soluble  in  hot  alcohol,  in  benzene  and  glacial 
acetic  acid.  On  gently  heating  with  hydric  sodic  sulphite  it  yields  a 
crystalline  compound,  Ci4H802,NaHS03,2H20,  which  is  decomposed 
by  addition  of  much  water.  The  further  action  of  oxidising  agents 
converts  phenanthrene  quinone  into  diphenic  acid  : 

C6H4.CO  CfiH^.CO.OH 

I  I     +  H2O  +  O  =  I 

C6H4.CO  CeH4.CO.OH 

On  heating  with  soda  lime  it  yields  diphenyl  (§  1142). 

Dibrom-phenanthrene  quinone,  Ci4H6Br202,  is  obtained  by  the 
action  of  bromine  on  phenanthrene  quinone  at  180°  ;  it  forms  yellow, 
warty  aggregates  and  melts  at  230°.  Dinitro-phenanthrene  quinone, 
Ci4Hg(N02)202,  ia  obtained  by  treating  phenanthrene  quinone  with  a 
mixture  of  sulphuric  and  fuming  nitric  acids ;  it  is  difficultly  soluble 
in  benzene  and  glacial  acetic  acid,  and  melts  at  280°. 

On  warming  phenanthrene  quinone  with  aqueous  su]phiut>u8 
acid  it  forms  phenanthrene  hydroquinone  : 

CgH4.C.0H 

CuH8(OH)2  =  I         11 

C6H4.C.OH 

which  crystallises  in  colourless  needles,  somewhat  soluble  in  hot 
water,  reoxidises  to  the  quinone  on  exposure  to  air,  and  yields  with 
acetic  anhydride  the  diacetate,  Ci4H8(O.C2H30)2,  forming  small 
tables,  melting  at  202°  and  soluble  in  hot  benzene. 

1212a.  Fhenanthrolf  Cj4H9(OH),  is  prepared  by  fusing  ammonic 
a-phenanthrene  sulphonate  with  potassic  hydrate.  It  crystallises  in 
laminse  of  bluish  fluorescence,  melts  at  112°,  and  dissolves  readily  in 
alcohol  and  ether.  The  acetate,  Ci4H9(O.C2H30),  crystallises  in  shining 
lamina  and  melts  at  117°-118°. 

12126.  PhenaMhrene  carbonic  acids,  C14H9.CO.OH.  Two  of 
these  adds  have  been  prepared  by  distilling  the  potassic  or  sodic  salts 
of  the  phenanthrene  sulphonic  acids  with  potassic  ferrocyanide, 
saponifying  the  resulting  nitrils  with  alcoholic  potassic  hydrate,  and 
acidifying  the  solution  with  hydrochloric  acid,  when  the  acids  separate 
in  flocks.  a-Phena7ithrene  carbonic  acid  crystallises  in  colourless 
curved  blades,  melts  at  266°,  and  sublimes  in  fern-shaped  leaves  with 
partial  decomposition  ;  it  ia  nearly  insoluble  in  water,  readily  soluble 
in  alcohol,  ether,  and  glacial  acetic  acid.     ft-Phennnthrene  carbonic 
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ctcid  crystalliBes  in  stellate  groups  of  colourless  needles  and  sublimes 
in  fern-shaped  leaves ;  in  solubility  it  resembles  the  a -acid ;  it  melts 
at  250°-252°. 

Other  Hydrocarbons  from  Tar. 

1213.  Several  other  crystalline  hydi'ocarbons  have  been  isolated 
from  the  high  boiling  fractions  of  coal  tar ;  they  belong  either  to  the 
conjugated  or  condensed  benzene  derivatives. 

On  extraction  with  cai'bon  disulphide  of  that  part  of  coal  tar 
distilling  at  a  higher  temperature  than  anthracene  pyrene  goes  into 
solution,  whilst  chrysene  remains  undissolved. 

1.  Pyrene y  CigHjo.  The  crude  pyrene  obtained  as  above  is  dis- 
solved in  alcohol  and  precipitated  with  picric  acid,  and  the  crystalline 
compound  so  obtained  decomposed  with  ammonia,  when  pure  pyrene 
is  obtained.  It  crystallises  in  colourless  plates,  melts  at  142°,  and  is 
also  readily  soluble  in  ether  and  benzene.  Fuming  hydriodic  acid  at 
200°  converts  it  into  pyrene  hexahydride,  melting  at  127°.  Nitric 
acid  and  bromine  convert  pyrene  into  the  respective  substitution 
products ;  chromic  and  sulphuric  acid  oxidise  it  to  pyrene  quinone, 
Ci6Hg02,  which  can  in  part  be  sublimed  unchanged,  then  forming 
brick  red  needles. 

2.  Chrysene,  CigHu,  is  obtained  by  repeated  recrystallisation 
from  hot  benzene  in  the  form  of  silver  white  plates  of  blue  fluores- 
cence ;  it  melts  at  250°.  It  has  been  prepared  synthetically  by  passing 
the  vapour  of  the  hydrocarbon,  C6H5.CH2.CH2.CJ0H7  (prepared  by 
reduction  of  benzyl-naphthyl  ketone),  through  a  red-bot  tube : 


1       n    +2H,. 

CiQ£l.y.0o2  C10H5.CH 

With  picric  acid  it  yields  brown  needles  of  C,gH2,C6H2(N02)30H. 
Nitro  and  brom  substitution  products  have  been  obtained,  as  also, 
by  oxidation  with  chromic  and  sulphuric  acids,  chry8(hquinone  : 

^isHjoOj. 

This  latter  melts  at  235°  and  forms  red  needles,  soluble  without 
decomposition  in  cold  sulphuric  acid  with  blue  coloration.  It  gives  a 
crystalline  compound  with  hydric  sodic  sulphite.  By  distillation  over 
heated  soda  lime  it  gives  a  hydrocarbon,  CigHu;  further  oxidation 
convei-ts  it  into  phthalic  acid. 

3.  Retene,  CigH|g,  is  obtained  from  the  tar  of  conifene  rich  in 
resin  and  of  beech  wood.  It  forms  nacreous  plates  melting  at  98°, 
boils  above  360°,  is  difficultly  soluble  in  alcohol,  readily  so  in  ether 
and  benzene ;  it  yields  a  red  crystalline  compound  with  one  molecule 
of  picric  acid.  Concentrated  sulphuric  acid  dissolves  it,  forming 
retene  disulphonic  add,  CigH,g(S02.0H)2.  Chromic  and  sulphuric 
acids  oxidise  it  to  dioxy-retisten^f  ^\6^\A^2f  which  crystallises  from 
alcohol  in  orange  yellow  needles,  melts  at  194°-195°,  and  on  heating 
with  zinc  dust  is  converted  into  the  solid  hydrocarbon  retistene^ 
CifiH,4. 
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ORGANIC  SUBSTANCES  OF  UNKNOWN  CONSTITUTION. 

1214.  Numerous  organic  substances,  many  of  them  well  defined, 
ha^e  been  prepared  from  animals  and  Tegetables,  but  so  fiu*  there  is 
not  enough  known  of  their  chemical  behaviour,  decomposition  products, 
&c,,  to  aSbrd  proof  of  their  composition. 

Bj  far  the  largest  number  of  these  contain  radicals  nearly  allied 
to  the  aromatic  compounds,  and  which  indeed  often  yield  well-known 
benzene  derivatives  when  the  decomposition  is  carried  further ;  they 
cannot,  however,  be  arranged  in  a  rational  system. 

In  .the  following  pages  such  glucosideSf  ctcids,  indifferent  aygial- 
Usable  vegetable  substances  (colouring  matters  and  bitter  principles), 
resins,  alkaloids^  tannins,  and  proteids  as  are  of  sufficient  importance 
will  be  described. 

Glucosides. 

1215.  Under  the  term  glucosides  are  comprehended  ethereal  deriva- 
tives of  the  sugars,  especially  of  grape  sugar  (comp.  §  870) ;  they  are 
mostly  of  natural  origin.  By  the  action  of  dilute  mineral  acids,  and 
of  certain  organic  substances  acting  as  ferments,  they  are  split  up  into 
the  sugar,  and  as  a  rule  only  a  single  other  compound. 

They  are  obtained  by  heating  the  vegetable  matter  with  hot  water 
or  alcohol.  The  more  easily  soluble  glucosides  cannot  be  thoroughly 
separated  by  simple  crystallisation  fi'om  the  accompanying  substances, 
such  as  tannin.  In  order  to  remove  these  latter  the  solution  is  treated 
with  neutral  plumbic  acetate,  the  lead  precipitated  from  the  filtrate 
by  sulphuretted  hydrogen,  and  the  filtrate  from  which  the  colouring 
matters  have  generally  been  removed  by  the  above  processes  evaporated 
to  the  crystallising  point.  The  constitution  of  many  glucosides  is  not 
known,  so  that  formulae  cannot  be  always  assigned  to  them. 

Among  the  more  important  glucosides  arhutine,  salicine,  populine, 
pJUoridzine,  ruberi/tkric  Ojcid,  and  fratvgidine  have  been  described  in 
detail,  and  amygdaline  and  myi*onic  acid  at  least  mentioned. 

Vegetable  Ghicosides. 

1216.  Amygdaline^  C20H27NOH,  is  the  crystallisable  bitter  principle 
of  bitter  almonds.  It  can  be  extracted  from  the  meal,  which  has  been 
pressed  as  much  as  possible  to  remove  fat,  by  means  of  boiling  alcohol. 
On  evaporating  the  filtrates  considerably  the  amygdaline  crystallises 
out,  and  is  then  purified  by  washing  with  ether  and  recryBtalliaing  from 
hot  alcohol.     Amygdaline  is  easily  soluble  in  water  and  hot  alcohol. 
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From  the  latter  it  crystallises  in  pearly  scales,  from  the  former  in 
prisms  containing  three  molecules  of  water  of  crystallisation.  On  gently 
warming  with  acetic  anhydride  it  forms  a  Jt^eptacetate  : 

which  crystallises  in  silky  needles  from  alcohol  and  ether.  Aqueous 
solutions  of  amygdaline  are  decomposed  hy  the  ferment  emulsin  into 
sugar,  hydi'ocyanic  acid,  and  benzoic  aldehyde  (§§  74  and  1031).  On 
long  boiling  with  baryta  water  ammonia  is  evolved  and  the  baryta 
salt  of  amygdalic  acid,  C20H28O13,  is  formed.  The  acid  is  crystalline 
and  deliquescent  in  moist  air.  Amygdaline  occurs  also  in  the  kernels 
of  stone  fruit,  in  the  leaves  of  the  cherry  laurel  {Prtmua  La/uroceraaua), 
and  in  many  other  amygdalacese  and  pomacesB. 

1217.  dentine,  C  j  ^H 1 609,2H20.  ./Esculine  occurs,  together  with 
a  little  fraxine,  in  the  bark  of  the  horse  chestnut  (Aesculua  hippooaa- 
tanum).  If  the  aqueous  extract  of  the  bark  be  precipitated  with 
l)lumbic  acetate  and  the  excess  of  lead  removed  by  sulphuretted 
hydrogen,  on  evaporating  the  filtrate  sesculine  crystallises  out  mixed 
with  a  little  fraxine,  which  latter  dissolves  first  on  warming  the  crys- 
talline magma  with  water.  .^Esculine  crystallises  in  colom*less  needles, 
which  have  a  faint  bitter  taste  and  dissolve  dif&cultly  in  cold  water, 
easily  in  hot  water  and  in  alcohol. 

At  about  110°  they  lose  water  and  at  160°  they  melt,  losing  more 
water.  The  aqueous  solution  has  a  stix)ng  blue  fluorescence,  which 
disappears  on  acidifying,  but  appears  again  on  adding  an  alkali. 
Treated  with  acetic  anhydride  it  yields  a  hexacetate : 

which  crystallises  in  needles  and  melts  at  130°.  It  is  split  up  by 
emulsin  or  dilute  acids  into  sugar  and  cesculetme,  C9H604,H)0  : 

CiftHieOs  +  H2O  =  CeHijOe  +  C9He04. 

^cuUtine  occurs  ready  formed  in  small  quantity  in  the  bark  of 
the  horse  chestnut.  It  crystallises  with  one  molecule  of  water  in 
needles  or  plates,  melts  at  270°,  and  is  only  soluble  with  great  diffi- 
culty in  water  or  alcohol.  It  is  readily  soluble,  with  yellow  colora- 
tion, in  alkalies,  and  yields  with  acetic  anhydride  a  triacetate : 

C9H3(C2H30)304  3 

this  latter  crystallises  in  silky  needles.  Hot  concentrated  solution  of 
potassic  hydrate  decomposes  sesculetine  into  oxalic,  formic,  and  proto- 
catechuic  acids. 

Daphnine,  isomeric  with  sasculine,  is  a  glucoside  occurring  in  the 
bark  of  many  species  of  daphne  (D.  alpina,  D,  mezereum).  It  also 
crystallises  in  prisms  (with  2OH2)  and  on  decomposition  yields 
daphnetine,  C9He04,H20.  This  latter  loses  water  at  220°  and  then 
sublimes.  It  yields  a  monacetyl  derivative,  C9H5(C2H30)04,  m.p. 
129°-130°. 

1218.  Fraxine,  027H3oOi7(9),  is  found  together  with  sesculine  in 
the  bark  of  the  horse  chestnut,  especially  in  the  winter,  but  occui-s 
in  larger  quantity  in  ash  bcu^k  {Fraxinu8  excelsior),  from  which 
it  can  therefore  be  most  profitably  extracted.     After  precipitating 
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the  tannins  from  the  aqueous  extract  by  means  of  nentrml  plumbic 
acetate  the  fraxine  can  be  thrown  down  by  basic  lead  acetate  and  ihe 
precipitate  suspended  in  water  and  decomposed  by  sulphuretted 
hydrogen.  It  crystallises  from  the  filtrate  in  fine  colourless  needles 
grouped  in  bunches,  which  only  dissolve  abundantly  in  boilisg  water 
or  alcohol  and  fuse  at  a  strong  heat. 

Dilute  adds  split  it  up  into  sugar  and/rcacetine  : 

C27H30O17  +  3H2O  =  2C6H,20e  +  CijHijOg  (t). 

The  fraxetine  separates  out  in  colourless  needles  soluble  in  aloohoL 
It  dissolves  in  nitric  acid,  giving  first  a  violet,  then  red,  and  lastly 
yellow  colour. 

1219.  Quercitrine,  C33H30O17.  Querdtrine  is  the  gluooside  of 
quercitron,  the  bark  of  Quercua  tinctoria.  It  occurs  also  in  other 
plants,  such  as  in  sumach,  grape  vine,  and  in  catechu.  The  respective 
substances  are  extracted  with  alcohol  and  the  tannin  precipitated  by 
means  of  gelatine  solution.  On  evaporating  the  filtrate  small  yellow 
crystals  of  quercitrine  are  obtained,  which  are  but  slightly  soluble  in 
hot  water.  Dilute  acids  split  up  quercitrine  into  isodulcite  (§  853) 
and  quercetine,  C^iB-itPi^  : 

O38H30O17  +  HjO  =  CgHi^Og  +  C27HigOi2. 

Quercetine  occurs  ready  formed  in  other  plants,  such  as  tea,  baric 
of  the  apple  tree,  &c.  Separated  from  its  solutions  it  foi-ms  a  yellow 
crystalline  powder,  which  may  be  partially  sublimed  in  beautiful 
yellow  needles. 

It  is  readily  soluble  in  alcohol,  also  in  alkalies,  with  which  it  forms 
crystalline  compounds.  It  is  coloured  green  by  ferric  chloride.  Hot 
and  very  concentrated  alkali  solutions  decompose  it  into  phloro-gladne 
(§  1000)  and  quercetic  acid,  which  crystallises  in  fine  prisms,  and  by 
fusing  with  alkalies  is  decomposed  into  various  substances,  amongst 
which  may  be  mentioned  paradatiscetine,  CisHjoOg,  crystallising  in 
fine  yellow  needles  ;  qitercimeric  acid,  CgHgO^jHjO,  which  crystalliseB 
in  thick  prisms  and  gives  a  fine  blue  colour  with  ferric  chloride ;  and 
as  a  final  product  protocatechuic  acid,  C7Hg04. 

The  following  are  very  similar  to  quercitrine  : — 

Rutine,  occurring  in  Ruta  graveoUns  and  the  flower  buds  of 
Capparis  apinosa  (capers) ;  it  yields  quercetine  on  decomposition. 

DOttisdne,  occiuring  in  the  roots  of  Daiisca  cannabina,  which  is 
used  in  the  East  as  a  yellow  dye  for  silk  ;  it  yields  sugar  and  datisoe- 
tine  on  decomposition. 

Robinine,  from  the  flowers  of  Robinia  pseudacada,  yields  quercetine 
when  boiled  with  dilute  acids. 

1220.  Convolvuline  and  Jalapine. — The  roots  of  jalap  (the  rhid- 
zomes  of  Convolvultcs  Schiedamia  and  (7.  orizabensis)  contain  as  the 
active  principles  two  amorphous  glucosides — in  the  first  convolvuline, 
in  the  others  jalapine,  which  belong  to  the  same  homologous  series, 
since  their  compositions  not  only  differ  by  C3H6  but  also  yield  homo- 
logous products  on  decomposition.  In  order  to  prepare  them  the  jalap 
roots  must  be  several  times  extracted  with  water,  and  then  with  alcohol, 
the  colour  removed  by  animal  charcoal,  and  the  filtrate  evaporated 
down  on  the  water  bath.  The  residue  is  then  treated  with  alcohol 
and  the  glucosides  precipitated  by  ether. 
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C€fnvolimline,C ^iK^qOiq,  Andjalapine,  C^^H^aOiQ^  ai*e amorphous, 
colourless  and  odoiu'less  masses,  slightly  soluble  in  water,  very  easily 
soluble  in  alcohol  and  in  dilute  acicfs,  not  at  all  in  ether ;  they  act  as 
purgatives.  On  heating  they  fuse  (oonvolvuline  fuses  at  160®),  and 
are  decomposed  at  a  rather  higher  temperature.  They  are  dissolved 
by  strong  baaes,  forming  the  salts  of  the  easily  soluble  acids  con- 
volvulic  acidy  CsiHgQOif,  and  jalapic  add,  C34H5gO|7.  These  adds 
are  most  easily  prepared  by  boiling  the  original  gluoosides  with  baryta 
water,  and,  after  accurately  precipitating  the  iMurium  with  sulphuric 
acid,  evaporating  the  filtrate,  when  they  are  obtained  as  easily  soluble, 
amorphous  bodies,  melting  a  little  above  100°.  The  salts,  whether  con- 
taining one  or  two  equivalents  of  metal,  are  also  amorphous. 

The  original  bodies  or  the  adds  are  decomposed  by  emolsin,  yielding 
sugar.     Oonvolvuline  gives  at  the  same  time  convolvuKnol : 

20iaH2408,H20, 

jalapine  similarly  jielding  jalapiriol,  20|6H3o03,H20 : 

O31H50O16  +  50Ha  =  O13HJ4O3  +  SOejHiaOg. 

Both  crystallise  in  indistinct  cauliflower-like  masses,  are  insoluble  in 
-water,  soluble  in  alkalies,  giving  salts  oi  convolvrdinolic  acid,  O13H26O4, 
and  jalapinolic  acidy  O16U32O4.  These  adds  are  difficultly  soluble  in 
water,  and  are  therefore  predpitated  on  acidifying  solutions  of  the 
salts.  They  both  form  fine  crystalline  masses,  feeling  fatty  when 
touched ;  the  salts  are  crystalline.  Oonvolvnlinolic  l&cid  melts  at  40°~ 
50°,  jalapinolic  acid  at  64°.  Nitric  acid  oxidises  them  to  ipomic  add, 
isomeric  with  sebadc  add. 

Jalapine  occurs  also  in  scammony  resin,  the  hardened  juice  of  Con- 
volvtUtts  Scamimonia,  An  isomeric  body,  turpethine,  is  found  in 
turpeth  resin  (from  the  roots  of  Ipomoea  Turpethum) ;  it  yields  amor- 
phous turpethic  add,  034H6oOig,  when  treated  with  baryta  water, 
and  is  decomposed  on  boiling  with  dilute  adds  into  sugar  and  amor- 
phous turpetholic  add,  0|gH3204. 

Oonvolvnlinolic,  jalapinolic,  and  tmrpetholic  acids,  having  the 
general  formula  0nH2nO4,  are  apparently  homologues  of  glyceric  add ; 
at  all  events  they,  do  not  belong  to  the  aromatic  series. 

1221.  Saponine,  O32H51O18  (I),  is  found  in  many  plants — ^for 
instance,  in  the  kinds  of  lychnis  (Lychnis  Gythago),  in  the  roots  of 
Polygala  senega,  Sic,,  but  espedally  in  the  roots  of  Saponaria  offid- 
nalis. 

By  boiling  the  latter  with  alcohol  and  cooling  the  hot  filtrate  it 
is  obtained  in  colourless  amorphous  masses.  It  is  rather  soluble  in 
water,  forming  a  solution  which  behaves  like  soap  solution  when 
shaken ;  it  is  only  slightly  soluble  in  cold  alcohol,  not  at  all  in  ether. 
It  is  poisonous  and  its  dust  causes  violent  sneezing.  It  is  split  up  by 
strong  HOI  into  an  uncrystallisable  sugiir  and  sapogenine,  C14H22O4. 
The  latter  forms  white,  difficultly  soluble  crytstals. 

1222.  Chinovine,  03oH4gOg,  is  a  constituent  of  many  cinchona 
barks,  especially  of  China  7wva  and  of  toimentil  roots.  From  the 
former  it  may  be  prepared  by  extracting  repeatedly  with  water,  treat- 
ing with  milk  of  lime,  and  predpitating  the  filtered  solution  with 
hydrochloric  acid.    The  predpitate  must  be  redissolved  in  alcohol  and 
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«iiu,  frciHi  vzidEi  t^  rrjtssLhMTJ^  wiarjt  mlvet  t^C^B^^^A^/y^  ^bt 

12».  Oiytyrrkizim^,,  ^\%^vf^^  vxrsn  in  tiqponee  root  {gi^- 
rA42<i  yW/ra  ^  f/Mn  wi6tk  h  i&aj  ber  «x^r«0lcd  br  boOzn^  water.     Is 

wiidb  At  fine  tMrtcs  rv#ist  *x^  fcfu»-vard§  faaf  m  inixasiiMr  .1^,  .t 

Idtl  I/dl^x/rHm^.,  C^^H^/J,*,  is  ol4ujQ6d  frtm  the  note  cf 
I/tlUlonu  niyer^  mA  tL^j  frcm  H.  viridU^  bat  in  ■miTirr  qmoititT,  m 
ih^  ff^rui  of  ukkroMsr^AC  C3oloaii€««  needles,  rittdOj  soluble  in  ^irtfr, 
diflknitij  lA  idey>boL  On  UAiia^  with  dilute  acids  it  jidife  imgir  and 
MJUfMjfAvM^  ^-''uH^O,,  wLich  is  at  first  Tiolet  blue,  bat  becMMS 
ffpsfuAk  gnstfin  afur  drybig. 

1/^.lUUfrinef  a  mbatance  crystallising  in  oolaariesB  eonemtneaDr 
g^AEff^  iudtd\e»^  aliio  ocactm  in  quantity  in  H^UeiorMs  wiridU,  bait 
r/nly  Mfguinf^y  in  /^.  nt^^.  It  is  insoluble  in  water,  readity  sohdiie 
in  alcohol,  and  'is  cokmred  intensely  red  bj  strong  solpliiiric  ^^^ 
Baling  dilute  adds  convert  it  into  sugar  and  amorphoos  Miebartgime, 
(*p,\lufh'     y^f^  glucosideA  act  as  narcotics,  especiaDj  heUebGrine. 

12Z6.  lAgilali'M  is  the  hitter,  highly  poisonous'  oonstitaent  of 
hvjxUdxM  j/urrmrta.  It  \»  almos^t  insoluble  in  water,  readOj  solnUe 
ill  m\c/Aio\  suui  MonAorm.  On  heating  with  conoenti^ted  phonhoric 
and  hydrochloric  acids  it  gives  an  intense  green  colour ;  boiling  dflute 
sulphuric  acid  converts  it  into  Hugar  and  resinous  digiialrtiine, 

ArUi/jiriM,  (^xiTi^tf):,,  is  extracted  by  alcohol  from  the  Tiwii^f* 
iLrr*fW  ytsmm.  Upas  arUi/iTf  the  dried  milky  juice  of  AfUiar%$ 
UtxicaritA^  and  is  olitained  on  evaporation  in  coloorless  crystalline 
leaves,  melting  at  220' ;  the  melted  mass  becomes  anKM-phoos  on 
crxjliug.  Antiarine  is  soluble  both  in  water  and  ether,  and  when 
iutroducerl  into  a  wound  it  acts  as  a  violent  poison*  It  is  split  up  by 
dilute  mineral  acids  inUj  sugar  and  a  resinous  body. 

1226.  Carminic  dcid,  Cj;!  1,^0 10,  is  found  in  many  plants — for 
instance,  in  tlie  blossoms  of  Monanla  didyma — but  especially  in 
CftcJnneal,  the  female  of  Coccus  cacti.  The  pulverised  insects  must  be 
extracted  with  boiling  water,  the  filtrate  treated  with  plnmlHc  acetate, 
and  tlie  washed  precipitate  suspended  in  water  and  deoompoeed  bv 
hydric  sulphide.  The  filtered  solution,  when  evaporated,  leaves  the 
acid  as  a  purple  red  amorphous  mass,  which  jrields  with  bases  salts  of 
the  Home  colour.  By  boiling  with  dilute  acid  it  yields  an  optically 
iiuictive  sugar,  which  is  amorphous  and  not  capable  of  fermentation, 
and  the  dark  purple  carrnme  red,  C,,H,,07,  soluble  in  water  and 
alcohol.  Carmine  ml  heated  with  strong  nitric  acid  yields  oxaUc  acid 
and  nitrococcio  cusid,  CgH5(N02)303y  crystallising  in  yellow  tables, 
probably  a  tHnitro-cresotic  acid  (§  1080).      Similar  valuable  i^ 
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colouring  matters  occur  in  other  varieties  of  coccus,  such  as  C,  Uicia 
and  C.  lacca. 

1227.  Pinipicrine,  C23H35O11,  is  found  in  the  bark  and  leaves  of 
Pinvs  at/lvestriSf  also  in  the  green  parts  of  Thuja  occidentalis.  It  is 
a  yellow  amorphous  bitter,  and  yields  sugar  and  ericinol  as  decomposi- 
tion products. 

EricoUne,  C34H56O21 ,  occurring  in  Ledum  pallitatre,  Erica  herbaceay 
&c,f  is  a  bitter  powder  which  also  Kplitn  up  into  sugar  and  ericinol. 
Erici7iolf  CioHigO,i8  a  colourless  oil  which  rapidly  darkens  in  air. 

1228.  Caincine,  from  the  roots  of  Ghiocca  racemoaay  crystallises  in 
difficultly  soluble  prisms.  Hydrochloric  acid  gas  decomposes  it  into 
an  amorphous  sugar  and  caincetine,  022H3403y  and  fusion  withpotassic 
hydrate  converts  the  latter  into  butyric  acid  and  caincegtnine : 

C14H24O2. 

Amongst  the  other  numerous  vegetable  glucosides  it  is  only  neces- 
sary to  mention  the  amoi'phous,  insoluble  apiine^  from  Apium  petro- 
aelinum  ;  crociney  from  safiron  ;  cydamine^  from  the  bulbs  Cydamen 
europaeu/m  ;  ononine,  from  the  roots  of  Ononis  spinosa. 

1229.  Myronic  acid,  occurring  as  potassic  salt  in  the  seeds  of  the 
black  mustard,  occupies  a  peculiar  place  amongst  the  glucosides. 
Ground  mustard,  when  treated  with  boiling  alcohol  and  afterwards 
with  cold  water,  yields  to  the  latter  potassic  myronate : 

The  fQtered  liquid,  after  evaporation  to  a  syrup,  yields  a  precipitate  of 
the  salt  on  addition  of  85  %  alcohol.  It  crystallises  in  silky  needles, 
and  is  quickly  converted  by  myrosine,  a  ferment  contained  in  mustard 
seeds,  into  grape  sugar,  oil  of  mustard,  and  hydric  potassic  sulphate  : 

C10H18NKS2O10  =  C6H12O6  +  C3H5NPS  +  KHSO4. 

The  aqueous  solution  of  the  salt,  treated  with  argentic  nitrate,  yields 
a  curdy  precipitate  of  C4ll5NAgS204,  sugar  remaining  in  solution. 
By  decomposing  this  precipitate,  suspended  in  water,  by  sulphuretted 
hydrogen,  there  are  formed  argentic  sulphide,  sulphuric  acid,  free 
sulphur,  and  allylic  cyanide : 

C4H5NAg,S204  +  H2S  =  Ag2S  +  HaS04  +  CsHj.CN  +  S. 

Myronic  acid  is  not  known  in  the  free  state,  as  it  decomposes  so  very 
quickly. 

Tannins, 

1230.  Probably  the  greater  number  of  the  so-called  tannins  belong 
to  the  vegetable  glucosides;  indeed,  it  is  highly  probable  that  tannic 
acid,  from  galls,  exists  in  them,  to  some  extent  at  all  events,  in  the 
form  of  a  glucoside. 

All  tannins  show  the  following  characteristic  properties : — They 
have  an  astringent  taste,  they  give  a  bluish  or  greenish  black  pre- 
cipitate with  ferric  salts,  and  are  precipitated  by  gelatine  solutions  and 
animal  membranes,  especially  the  skin,  forming  leather.  Tannins 
exist  in  most  plants,  but  in  very  variable  quantities.  On  boiling  with 
dilute  acids  many  of  them  yield  sugar  and  red  amorphous  sub- 
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gtanoes  which  are  inaolahle  in  water,  but  soluble  in  alkalies  and  in 
alcohol. 

These  red  bodies  are  also  fonnd  ready  formed  in  the  plants^  and 
are  probably  the  cause  of  the  red  brown  oolonr  of  the  bark.  In 
order  to  obtain  tannin  the  v^etable  substances  must  be  extracted 
with  water,  the  filtered  solution  precipitated  with  neutral  or  baae 
lead  acetate,  and  the  precipitate  decomposed  under  water.  On  evapon- 
tion  of  the  clear  liquid  the  tannin  will  be  1^  as  an  amorphous 
gummy  mass. 

All  tannins  yield  aromatic  compounds  when  their  decomposition 
products  are  fused  with  potash ;  most  of  them  give  phloit)glucui  and 
protocatechuic  acid. 

Oak-hark  tannin  gives  a  blue-black  colour  with  ferric  salts;  on 
boiling  with  acids  it  yields  a  sugar  and  phlobapbene  {oak  red)  : 

Cinchona-hark  tcmnin  exists  combined  with  the  cinchana  alkaloids, 
and  on  boiling  with  dilute  acids  gives  quina  red. 

The  tannins  from  ratani/^/em  roots,  and  septfoU  all  yield  red  de- 
composition products,  which  give  phlorogulcin  and  protocatechuic 
acid  when  fused  with  potash. 

Pomegranate  tannin  yields  ellagic  acid  and  sugar. 

The  tannin  of  coffee  has  been  already  described  (§  1 100). 

Kino  tannin,  from  kino,  the  diied  sap  of  Pt^rocarpus  eHnaceus, 
(fee,  and  catechu  tannin,  from  catechu,  the  dry  extract  of  Acacia 
Catechu,  Areca  G.,  and  Nauclea  Gamhir,  may  be  extracted  from  the 
drugs  mentioned  by  means  of  cold  water.  Tliey  give  with  ferric  adte 
a  dirty  green  colour,  and  on  melting  with  potash  jdeld  protocatechuic 
acid  and  afterwards  pyrocatechin. 

Maclurin  (§  1236)  is  also  nearly  allied  to  the  tannins. 

Animal  Glucosides, 

1231.  Chitine,  C9H15NO,  is  the  basis  of  the  protective  coverings 
of  the  articulata,  and  is  found  in  large  quantities  in  the  shells  of  the 
crustacece  and  the  wing  cases  of  beetles.  As  it  is  entirely  insoluble 
in  water,  alcohol,  dilute  acids,  and  alkalies,  even  at  the  boiling  point, 
it  may  be  obtained  pure  by  boiling  crabs  or  beetles  with  th^Se  liquids 
and  finally  washing  the  residue  with  pure  water.  So  obtained  it 
forms  a  colourless,  generally  ti-ansluoent  mass,  having  the  form  of  the 
original  matei-iiil,  and  chars  on  heivting  without  previous  fusion. 

Chitine  dissolves  in  cold  concentrated  sulphuric  acid.  The  solution, 
on  dilution  with  water,  yields  much  grape  sugar  together  with  nitro- 
genous decomposition  products,  especially  ammonia. 

Hyalitve  occurs  in  echinococcns,  and  is  obtained  therefrom  in  a 
similar  manner  to  chitine,  except  that  in  the  case  of  hyaline  the 
acids  and  alkalies  must  be  used  cold.  Treated  with  water  at  150^ 
it  forms  a  clear  solution.  On  boiling  with  dilute  sulphuric  acid  it 
yields  nitrogenous  decomposition  products  and  about  50  per  cent,  of 
dextrose. 

1232.  Cerebrine  is  a  constituent  of  the  brain,  nervous  substance 
and  of  the  pus  corpuscles.  It  is  best  obtained  from  brain  •  this  is 
rubbed  down  to  a  paste,  mixed  with  much  alcohol,  and  allowed  to 
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stand  for  a  considerable  time.  After  pressing  the  residue  is  washed 
repeatedly  with  ether  to  remove  lecithin  and  cholesterin,  and  finally 
extracted  with  boiling  alcohol.  On  cooling  cerebrine  mixed  with  a 
little  lecithin  separates  out.  In  order  to  decompose  the  latter  the 
mixture  must  be  boiled  with  baryta  water,  and  after  passing  a  current 
of  carbonic  anhydride  the  precipitate  collected,  washed  with  cold 
alcohol,  and  lastly  extracted  with  boiling  alcohol.  Cerebrine  separates 
out  from  the  hot  filtrate  as  a  light  white  hygroscopic  powder,  which 
softens  at  80°,  at  the  same  time  becoming  brown.  It  swells  up  in 
water  and  forms  a  pasty  mass.  It  is  split  up  easily  by  dilute  acids, 
yielding  a  kevorotatory  imfermentable  sugar  and  other  products. 
Chondnn  also  seems  to  be  a  glucoside. 

Acids. 

1233.  Several  of  the  adds  occurring  in  lichens  have  been  already 
described. 

Usnic  addf  C18H18O7,  is  found  in  all  members  of  the  species 
Usnea  and  in  many  other  lichens,  and  is  obtained  from  them  like  the 
above-mentioned  acids.  It  crystallises  in  yellow  leaves  or  prisms, 
which  are  insoluble  in  water  and  only  difficultly  soluble  in  alcohol 
and  ether.  Its  melting  point  is  about  202°  ^beta-usnic  acid,  from 
Cladonia  rangiferinay  melts  at  175°).  It  is  easily  soluble  in  alkalies, 
but  the  solutions  soon  take  up  oxygen  from  the  air  and  become 
brown.  On  dry  distillation  it  yields  heta-orcin,  Ot,Hjo02,  a  substance 
isomeric  with  hydrophlorone  (§  1018).  This  beta-orcin  forms  easily 
soluble  quadratic  prisms,  whidi  may  be  sublimed,  and  it  has  the 
properties  of  a  diatomic  phenol. 

Vtdpic  acid,  Ci9Hi405,  may  be  obtained  from  the  lichen  Cetraria 
vulpina  by  treatment  with  warm  lime-water.  On  acidifying  the 
filtrate  it  is  precipitated  in  yellow  crystals.  When  crystallised  from 
chloroform  thick  prismatic  crystals  are  obtained.  With  the  alkalies 
and  alkaline  earths  the  acid  forms  monobasic,  yellow,  soluble  salts ; 
the  salts  of  the  other  metals  are  generally  insoluble.  It  melts  at 
110°.  On  boiling  with  baryta  water  it  yields  phenyl-acetic  acid 
(§  1072),  oxalic  acid,  and  methyl  alcohol ;  but  if  dilute  potash  be  em- 
ployed the  products  are  methylic  alcohol,  carbonic  anhydride,  and 
oxaUoluic  acid,  crystallising  in  colourless  prisms  which  n^elt  at  154°. 
The  latter  is  split  up  into  oxalic  acid  and  toluene  by  concenti*ated 
potash. 

Cetraric  acid,  CigHigOg,  and  liclienstearic  acid,  014112^03,  occur 
in  Iceland  moss  (Cetraria  islandica).  The  fonner  crystallises  in 
needles  having  a  bitter  taste,  the  latter  in  leaflets.  Both  are  insoluble 
in  water. 

1234.  Veratric  a>cid,  dimethyl-protocatechuic  acid  : 

C9H,o04  =  C6H3(OCH3)2CO.OH, 

(comp.  §  1067,  2),  isomeric  with  evemic  and  umbellic  acids  (§  1087), 
is  nearly  allied  to  the  lichen  acids.  It  exists  in  sabadilla  seeds.  On 
extracting  the  seeds  with  alcohol  containing  sulphuric  acid  it  dissolves 
out  together  with  veratrine  sulphate  (vide  alkaloids).  After  precipi- 
tating the  sulphuric  acid  with  milk  of  lime  the  liquid  is  filtered  and 
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1286.  3Lu: J  l^diieA  fm&  from  nitrogen  are  rliwwiil  in  tbam  gm^r 
//f  whk^i  th^  corar.itatioit  is  &t  present  onkiunrn.  Miuij  <tf 
yuM  meudlie  compounds  with  strong  Iajko,  without,  hovercr, 
mxiK  ^Ui&uiUs  Mad  yr*j^^Ttlen.  Am  Bumj  *A  them  maj  be 
inU/  phenol -]ik^  UAifm  it  is  pcwdble  that  the  prodnctian  <tf 
uteUkUic  or/mpoonds  depefnds  on  the  presence  of  a  bjdroxji  groi^ 
MUuitkd  as  in  phenoL 

1236,  1 ,  ilf/rvM^  ^\^\ tft^j  oocors mixed  with  mncinzixie  in  Ibatic^ 
t^M;  worx]  of  Mf/ruM  or  Maclnura  linctcria.  The  boOing  nqiseous  ex- 
tra/.'t  d#^p^/siU  morin  on  cooling,  bat  the  madorin  can  only  be  ob> 
\jMii0A  by  evHjtfjTSitin^  the  liquid.  They  may  be  parified  by  le- 
rrryMt^JliiAtion  after  the  addition  of  a  little  hydrochloric  acid  to  rcmore 
caldum, 

Morinf)  crystallises  in  yellow  needles,  easily  solable  in  ^IV^m*, 
auiriioriiii,  and  alcohol,  difficultly  soluble  in  water.  The  mlooholic 
tvAnilou  f^ivcH  a  gr^^.'n  colour  with  ferric  chloride.  The  amnumiacsl 
K/>luiioriN  yield  yellow  pi-ecipitates  with  calcium  chloride  <fc«d  lead 
iU'Ji\4iUi,     Morine  reduces  argentic  nitrate  at  ordinary  tcmperaUirm, 

Hrxlium  amalgam  and  water  converts  morin  into  phlorogiocin. 
Fusing  with  [Kitash  given  the  same  result. 

2.  Maduriney  CiaHioOg,  forms  an  almost  colourless  crystalline 
jiowder.  It  givf5S  a  dark  green  precipitate  with  ferric  chloiida 
MelU^l  with  potash  it  yields  phloroglucin  and  protocatechnic  acid, 
and  gives  pyrocatechin  on  dry  distillation.  It  is  therefore  probably 
an  etfioreal  cornixjund  of  the  two  first : 

C^H3(OII)a.O.CeH3(OH).CO.OH. 

1237.  CaUJaruif  luteolirie,  and  acoparine  jrield  the  same  products 
as  niucltirine  on  fusion  with  jx)tash  and  on  dry  distillation. 

1.  CatfcMrut,  0,9Tr,gOg  (?).  That  portion  of  catechu  and  kino  in- 
soluble in  (jold  watcT  is  rxtractod  with  boiling  water.  On  cooling  the 
solution  it  (TyHtalli>iiM  out  in  colourless  silky  needles,  containing  water 
of  ciyHtalliHation,  which  after  drying  at  100°  melt  at  217**. 

2.  LuleoUne,  (>jo^^m^«>  contained  in  weld  {Reseda  hit^ola),  forms 
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fine  yellow  needles,  which  melt  above  320®  and  sublime  partially  un- 
decom posed.  It  is  only  slightly  soluble  in  water,  more  easily,  how- 
ever, in  alcohol  and  in  alkalies,  to  which  latter  it  gives  a  deep  yellow 
colour. 

3.  Scojoarine,  C21H2JJO10,  exists  in  Spartvum  scoparium  together 
with  the  alkaloid  sparteine.  It  is  difficultly  soluble  in  cold  water, 
easily,  with  yellow  colour,  in  alkalies. 

1238.  AthamarUine,  C24H30O7,  is  extracted  from  the  roots  and 
seeds  of  AthamarUha  Oreoaelinum  by  means  of  ether,  and  remains  after 
evaporation  of  the  solvent  as  an  oil  which  rapidly  crystallises.  It 
crystallises  in  four-sided  needles  or  prisms,  melting  at  79®,  and  is  in- 
soluble in  water.  It  yields  crystalline  compounds  with  hydrochloric 
acid  and  sulphurous  anhydride.  The  former  decomposes  on  boiling 
with  water  into  free  hydrochloric  acid,  and  valerianic  acid,  and 
oreoselon : 

C24H30O7  =  2C5H10O2  -f-  O14H10O3  (oreoselon). 

Oreoselon  crystallises  in  colourless  needles,  difficultly  soluble  both 
in  alcohol  and  ether.  On  boiling  it  yields  oreoaeUn,  a  substance  easily 
soluble  in  water,  alcohol,  and  ether : 

^14^10^3  +  H2O  =  Ci4Hi204. 

1239.  Peucedcminef  CigHi504,  is  extracted  from  the  roots  of  Peuoe- 
dcmii/m  officinale  and  Imperatoria  oatruthiwrn  by  means  of  alcohol, 
and  crystallises  in  small  six-sided  prisms,  melting  at  81®-82®. 
Heated  with  hydrochloric  acid  it  yields  a  gas  burning  with  a  greenish 
flame  (probably  methyl  chloride)  and  oroselon,  C14H12O4,  melting  at 
177®.  Peucedanine  is  therefore  dimethyl  oroselon.  Oroselon  is  de- 
composed by  melting  potash  into  acetic  add  and  resorcin. 

OstrtUhiney  C14H17O2,  occurs  with  peucedanine  in  imperatoria 
root.  It  crystallises  from  alcohol  or  ether  in  rhombic  prisms, 
melting  at  115®.  Its  dilute  alcoholic  solutions  possess  a  sky-blue 
fluorescence. 

1240.  ScmtoninBy  O15H18O3,  is  the  active  constituent  of  the 
blossoms  of  Artemisia  Scmtonica,  It  is  obtained  by  mixing  the  sub- 
stance with  half  its  weight  of  quick-lime  and  extracting  the  mixture 
with  dilute  alcohol.  The  filtrate  is  evaporated  and  the  residue  boiled 
with  acetic  add.  On  cooling  santonine  crystallises  out  in  lustrous 
six-sided  flat  prisms,  which  melt  at  168®  -170®  and  possess  a  slight 
bitter  taste.  It  becomes  yellow  on  exposure  to  daylight.  It  is  quite 
insoluble  in  cold  water,  easily  soluble  in  alcohol  and  in  ether.  Heated 
in  a  stream  of  hydrogen  with  zinc  dust  it  yields  santonoly  C^sHigO, 
crystallising  in  colourless  needles  which  melt  at  1 35®. 

Santonine  dissolves  in  alkalies,  yielding  salts  of  santonin  acid.  The 
sodium  salt  is  2C|5Hi9!N'a04,6H20.  These  salts,  when  treated 
with  hydrochloric  acid  and  shaken  with  ether,  yield  santonic  acid  to 
the  latter.  It  crystallises  in  difficultly  soluble,  colourless  needles.  At 
120®  it  splits  up  into  water  and  santonine. 

Tlie  insoluble  barium  salt  dissolves  on  prolonged  boiling  with 
baryta  water.  On  acidifying  and  extracting  with  ether  an  add  is 
obtained  isomeric  with  the  one  just  described.  It  melts  at  161®- 
163®  without  decomposition,  and  cannot  be  reconverted  into 
santonine. 
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Ko9ine,  O^^FL^fiy^y  the  active  principle  of  the  koiuBO  plants  cryBtal- 
lilies  in  yellow  needlee  or  prisms,  melting  at  142^,  insolable  in  water, 
bat  readily  soluble  in  ether,  chloroform,  benzol,  or  boiling  aloohoL 
It  yields  a  hexacetate,  melting  at  135°,  when  heated  to  150°  with  aoetic 
anhydride : 

124LL  Aloine,  Ci-jH^fi-j,  is  obtained  from  the  dried  sap  of  the 
various  kinds  of  aloe  by  treatment  with  water  and  evaporation  of 
the  solution  in  vacuo.  It  forms  small  oolooi'less  crystals,  having  a 
taste  both  bitter  and  sweet.  It  dissolves  with  difBciilty  both  in 
alcohol  and  water,  and  on  warming  becomes  brown  and  amorphous. 
It  does  not  appear  to  possess  purgative  properties.  On  boiling  aloes 
with  dilute  sulphuric  acid  paracoomaric  add  (§  1099,  2)  is  obtained. 
Aloes  treated  with  nitric  acid  yield,  first,  amorphous  aloetie  tMcid : 

C,4H,(NO,)40„ 

which  is  converted  by  the  further  action  of  the  acid  into  chryBammic 
acid,CuH2(OH2)(N02)402(§1167,6).  Fused  with  potaah  aloes  yield 
alorcic  acid: 

OgH^ioOajHjO 

(which  crystaUises  in  needles  melting  at  115°),  and  eventually  acetic, 
paraoxybenzoic,  and  oxalic  acids. 

1242.  Braziline,  CjjHigOy,  is  the  colouring  matter  obtained  torn 
Brazil  wood.     When  quite  pure  it  is  perfectly  oolourlefis  •  in  a  less 

?iure  state,  however,  it  is  bright  yellow.  It  crystallises  in  needles, 
ts  solutions  in  water  or  alcohol  that  has  been  [»«viou8ly  boiled  are 
colourless,  but  they  soon  become  yellow  and  red.  It  dissolves  in 
albilies,  giving  a  beautiful  carmine  red  solution ;  this  red  solution 
may  be  decolourised  by  warming  with  zinc  dust.  Its  colour  appean 
again,  however,  on  exposure  to  the  air. 

BrazUine  yields  resorcin  (§  993)  on  dry  distillation.  When  bofled 
with  strong  nitric  add  styphnic  acid  (§  1003)  is  formed. 

nofmatoxt/Une,  Ci6H,406,3H20  =  Ci6H8(0H)6,3H,O,  the 
colouring  matter  of  logwood  {Hciematoxylon  Campechia/num)  crystal- 
lises from  water  or  ether  in  yellow  prisms  having  a  sweet  taste. 
Its  solutions  are  dextrorotatory.  Treated  with  acetyl  chloride  it 
yields  a  hexacetate,  C,6Hg(0.03 1X30)6,  crystallising  in  silky  needles. 
It  dissolves  in  alkalies,  giving  a  purple  red  solution,  whicb  readily 
takes  up  oxygen.  The  ammoniacal  solution  rapidly  darkens  when 
exposed  to  the  air,  and  leaves  on  evaporation  hmmateine  aninhonia 
crystallising  in  dark  violet  crj'stals. 

The  solution  of  the  latter  yields  a  brown  red  precipitate  of 
hasmateiiie^  CieHiaOg,  when  treated  with  acetic  acid.  Hcemateine 
may  also  be  obtained  by  adding  a  little  nitric  acid  to  an  ethei*eal 
solution  of  haematoxyline.  It  crystallises  in  groups  of  needles  and 
contains  three  molecules  of  water  of  crystallisation.  Sulphurous  acid 
or  nascent  hydrogen  regenerates  haematoxyline  from  it.  Hsematoxv- 
line  fused  with  potash  yields  much  pyrogallic  acid  (§  999). 

1243.    Oenticmine,   Ci4H,q05,   is  extracted    from    the    roots   of 
Oentiana  lutea  by  means  of  ether.     It  forms  yellow,  tasteless  needles 
insoluble  in  water,   soluble   in   alkalies,  giving  an   intense    vellow 
solution. 
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Curcumine,  CioHjoOa,  is  the  yellow  colouring  matter  of  turmeric, 
from  which  it  may  best  be  obtained  by  extracting  the  root  with  ben- 
zol. It  crystallises  in  orange  yellow  prisms,  having  a  faint  smell  of 
vanilla.  It  is  insoluble  in  water  and  melts  at  165°.  It  is  soluble  in 
alkalies,  giving  a  brownish  red  solution.  Treated  with  boric  acid  an 
orange  colour  is  developed,  which  becomes  blue  on  subsequent  addition 
of  alkalies. 

Euxanthine,  CigHigOjo,  combined  with  magnesia  forms  the  prin- 
cipal constituent  of  purree,  an  East  Indian  yellow  colouring  matter. 
It  may  be  set  free  from  this  compound  by  means  of  hydrochloric 
acid  and  i*ecry8tallised  from  boiling  water.  It  forms  shining  yellow 
prisms,  and  is  difficultly  soluble  in  cold  water,  easily  in  alcohol  and 
ether.  It  forms  yellow  compounds  with  bases.  At  180**  it  de- 
composes, yielding  carbonic  anhydride,  water,  and  etMccmthone : 

The  latter  crystallises  in  yellow  prisms,  which  are  soluble  in  hot  con- 
centrated potash,  yielding  the  potassium  compound  of  euxcmthonic 
acid,  C13H10O5;  fused  with  potash,  however,  it  is  decomposed  with 
formation  of  hydroquinone. 

1244.  Carthaminey  C14H16O7,  occurs  in  safflower,  the  blossoms  of 
Carthamtis  tinctoriua,  mixed  with  a  yellow  colouring  matter  soluble 
in  water.  Carthamine  is  of  a  red  colour ;  it  is  soluble  in  alkalies 
and  reprecipitated  by  acetic  acid.  It  is  soluble  in  alcohol.  Its 
crystals  are  of  a  golden  green  colour,  giving  a  red  powder  when 
triturated.  On  fusion  with  potash  it  yields  paraoxybenzoic  and  oxalic 
acids. 

Scmtaiinef  C15H14O5,  is  the  red  colouring  matter  of  sandal  wood, 
and  is  extracted  from  it  by  alcohol.  It  forms  microscopic  deep  red 
crystals,  which  are  insoluble  in  water,  but  soluble  in  alkalies  to  a 
violet  solution. 

Caroti/nef  CigH240,  is  the  red  colouring  matter  of  the  carrot  (Dcm- 
CU8  Caroia),  in  the  cells  of  which  it  exists  in  red  microscopic  crystals. 
It  is  difficultly  soluble  even  in  boiling  alcohol.  It  crystallises  in 
red-brown  cubes,  melting  at  168°. 

1245.  Chryfine,  C 1 5  H 1 0O4 ,  and  tectochrysme,  C  i  gH  j  2O4,  exist  in  the 
buds  of  the  poplar.  Chrysine  crystallises  in  thin  bright  yellow  tables, 
melting  at  275°  and  capable  of  sublimation.  It  is  insoluble  in  water, 
difficultly  soluble  in  alcohol  and  ether,  but  readily  in  alkalies  with 
yellow  colour.  Bromine  converts  it  easily  into  dibromo-chrysm,  strong 
nitric  acid  into  dinitro-cJirysin,  C,5Hg(N02)204,  the  latter \)f  which  is 
only  soluble  in  boiling  strong  acetic  acid. 

Tectochrysvne^  which  can  be  separated  from  chrysine  by  solution  in 
benzol,  forms  large  sulphur  yellow  monoclinic  prisms,  melting  at  130°. 

Both  bodies  yield  acetic  acid,  phenyl-methyl  ketone  (§  1037),  and 
benzoic  acid  when  decomposed  by  boiling  with  highly  concentrated 
potash,  and  from  chrysine  phloroglucin  is  also  obtained.  They  are 
possibly  homologue&  of  dihydroxy-anthraquinone  (§  1197). 

1246.  Chlorophyll  is'  the  name  given  to  the  colouring  matter  of 
the  green  parts  of  plants.  It  occurs  equally  distributed  in  the  micro- 
scopic protoplasm  globules  of  the  green  plant  cells,  and  may  be  ex- 
tracted by  alcohol,  ether,  and  beim)i.    Although  of  such  immense 
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importanoe  in  the  synthesis  of  organic  bodies  taking  place  in  planti 
Tery  little  is  known  about  it.  It  is  even  not  certain  whether  i 
contains  nitrogen  or  not. 

1247.  Picrotoxine,  C12H14O5,  is  the  intensely  bitter  constituent  c 
Coeculus  indicus.  It  may  be  extracted  from  that  dmg  by  means  of  he 
alor>hol.  In  the  pure  state  it  crystallises  in  colourless  needles,  difi 
cultly  8oluble  in  water.  In  alkaline  solution  it  reduces  cupric  aalti 
and  3rields  oxalic  acid  when  boiled  with  nitric  add. 

QiMSfiijie,  C  fV)H  1 2O3,  the  bitter  constituent  of  quassia  wood,  ciyi 
tallises  from  alcohol  in  fine,  colourless,  extremely  bitter  leaflets,  whic 
are  difficultly  soluble  in  water.     At  a  high  temperature  it  melts  to 
colourless  mass. 

Smilacinef  from  the  sarsaparilla  root  (from  the  various  kinds  c 
8milax)y  forms  fine  colourless  prisms.  It  is  easily  soluble  in  alcoh< 
and  other,  with  difficulty  in  water.  The  aqueous  solution  frotli 
readily  and  has  a  disagreeable  taste. 

Cascarilline,  nCgH902,  the  bitter  principle  of  cascarilla  bark,  o^ 
tallises  in  microscopic  necNiles,  melting  at  205^.  It  has  a  very  bit^ 
taste  and  is  easily  soluble  in  hot  alcohol  and  ether. 

Columbine,  C21H22O7,  occurs,  together  with  the  alkaloid  berberin 
and  columbic  acid,  in  the  columbo  root.  It  forms  colourless,  Htte 
prisms. 

1248.  Cantharidvne,  nC5Hg02,  is  the  blister-producing  oonstitDen 
of  cantharides,  or  Spanish  flies.  It  is  found  in  beetles  belonging  to  th 
following  species  :  Lytta,  Metoe,  and  Mylahria,  It  may  be  obtaine 
from  cantharides  by  extracting  with  ether.  It  crystallises  in  ooloui 
less  prisms  or  leaflets,  is  insoluble  in  water,  difficultly  soluble  ix 
alcohol,  melts  at  250°,  and  sublimes  at  a  lower  temperature. 

Besins. 

1249.  The  resins  J  a  widely  distributed  class  of  vegetable  substances 
in  the  crude  condition  form  amorphous  masses  having  a  conchoida 
fracture,  insoluble  in  wat^r,  soluble  to  different  degrees  in  alcohol 
ether,  and  liquid  hydroairbons,  especially  the  tei'penes,  and  are  for  Qm 
most  jMirt  optically  active.  They  melt  when  heated,  but  axe  nol 
volatile  without  decomposition.  They  bum  with  a  smoky,  luminous 
flame. 

Many  of  the  resins  occur  in  plants  dissolved  in  ethereal  oils. 
Should  the  vessels  which  contain  this  solution  be  injured,  it  flows  out 
and  becomes  thick,  or  even  solid,  on  exposure  to  the  air,  partly  from 
evai)oration  of  the  solvent  oil  and  partly  by  its  oxidation.  Such 
mixtures  of  oils  and  resins  are  termed  balsams.  Other  resins  exist 
suspended  in  the  milky  juice  of  plants  mixed  with  gum,  sugar,  Ac, 
Such  juices  leave,  on  drying  up,  the  so-called  gum  resins.  Every  resin, 
even  though  it  may  have  been  purified  from  oily  bodies  by  melting, 
and  from  bodies  soluble  in  water  by  treatment  with  water  solution  in 
alcohol,  ether,  &c.,  is  still  a  mixture  of  several  compounds  which  are 
very  difficult  to  separate.  Several  of  these  compounds  are  crystallisa- 
ble  when  pure ;  all  are  colourless,  tasteless,  and  odourless ;  many  are 
weak  adds  whose  alkali  salts  froth  strongly  when  dissolved  in  water 
and  form  the  resin  soaps  of  commerce.    Many  of  the  resins  are  near^ 
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related  to  the*  terpenes,  being  probably  formed  from  those  hydro- 
carbons by  oxidation  and  absorption  of  water  at  the  same  time.  Most 
resins  when  fused  with  potash  yield  resorcin  (§  993)  (e.g.  gdlhcmwrn 
and  assafcetida),  phloroglucin  (§  1000,  e.g.  dragon's  blood),  paraoxy- 
benzoic  acid  (§  1064,  e.g.  dragon's  blood  and  gum  benzoin),  and  proto- 
catechuic  acid  (§  1067,  2,  e.g.  dragon's  blood,  assafcetida).  Fatty 
acids  are  generally  formed  at  the  same  time. 

Many  resins  are  employed  as  medicines  and  in  the  preparation  of 
varnishes  (solutions  in  alcohol,  turpentine,  <kc.),  sealing  wax,  and 
similar  substances.   Only  the  more  important  resins  will  be  described. 

1250.  Colophony. — When  the  balsams  obtained  from  the  various 
kinds  of  FinuSy  Abies,  and  Larix  are  distilled  with  steam,  turpentine 
passes  over,  and  a  residue  is  left,  which  when  melted  forms  colophony. 
It  is  a  perfectly  amoi*phous,  yellowish  brown,  brittle,  shining  mass, 
which  is  easily  soluble  in  alcohol,  ether,  and  oils. 

Sylvic  add  J  or  ahietic  cund,  C20H30O2,  is  obtained  from  the  above 
resin  by  digesting  it  for  a  long  time  with  alcohol,  which  must  not  be 
stronger  than  70  per  cent.  On  cooling  the  filtrate,  and  adding  water  until 
the  liquid  becomes  slightly  turbid,  the  acid  crystallises  out  in  leaflets, 
melting  at  129°.  It  is  soluble  in  ether,  chloroform,  and  benzol,  but 
not  in  water.  Sylvic  acid  is  monobasic,  and  yields  with  alkalies  salts 
capable  of  crystallisation  and  which  can  be  employed  as  soap.  The 
salts  of  the  other  metals  are  insoluble.  After  fusion  it  solidifies  to  an 
amorphous  mass,  and  is  then  more  soluble  in  alcohol  (pinic  add).  If 
the  alcoholic  solution  containing  water  be  allowed  to  stand,  however, 
.the  acid  again  becomes  crystalline. 

Pimaric  acid,  isomeric  with  the  above,  is  obtained  in  a  similar 
manner  from  the  resin  of  Pinus  maritima.  It  forms  hard  crusts, 
melting  at  149°,  boiling  at  about  320°,  and  is  thereby  converted  into 
sylvic  add. 

1251.  Copaiba  Pemi. — This  is  obtained  from  the  balsam  of  trees 
of  the  spedes  copaiba.  The  balsam  is  a  light  yellow  liquid  which  04 
distillation  with  water  yields  a  terpene  and  the  resin.  "The  latter  is  a 
mixture  of  an  insoluble,  neutral  resin  and  copaibic  acid,  which  may 
be  obtained  in  transparent  prisms  by  evaporating  the  alcoholic  solution. 
It  seems  to  be  isomeric  with  pimaric  and  sylvic  adds.  It  can  be 
obtained  direct  from  the  balsam  by  employing  a  concentrated  aqueous 
solution  of  ammonium  carbonate.  It  seems  to  be  isomeric  with 
sylvic  and  pimaric  acids. 

1252.  Guiacum  is  the  yellowish  brown,  shining  resin  obtained 
from  Guajacum  officinale.  In  the  state  of  powder  it  becomes  green 
on  exposure  to  air.  Its  alcoholic  solution  is  turned  blue  by  iodine. 
It  contains  several  constituents  of  a  feebly  acid  nature,  especially  the 
dibasic  gtuiiaretic  acid,  O20H25O4,  which  crystallises  from  acetic  acid 
in  needles.  It  melts  at  about  77°,  and  yields  pyroguiacin,  CigH^jOg, 
liquid  guiacol  (§  992),  and  cresol  (§  1016,  3),  on  submitting  it  to 
dry  distillation. 

Copaly  a  yellowish  or  brownish  resin  having  a  oonchoidal  fracture, 
is  obtained  from  various  trees  growing  in  the  East  and  West  Indies, 
and  also  in  Africa.  It  is  decomposed  on  fusion,  is  heavier  than  water, 
almost  insoluble  in  alcohol,  soluble  in  ether,  in  which  it  first  of  all 
swells  up.     Its  sepai-ate  constituents  have  not  yet  been  isolated. 
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El^mi  rffln,  obtaine«l  from  A marys  elemiferay  Amaryg ceiin%i€a^  ke^ 
v*  nfltuilly  m*  t  ^ith  in  ntther  a  soft  conditioiif  owing  to  the  preseDoeof 
Mn  etliereal  oil.  (.'old  alcohol  extractfl  an  amorphous  acid  resin  from 
it.  Tr^rated  with  hot  alcohol  it  yields  a  oolooiiess  ctystalline  raon. 
amjrrin,  Cfr^H^^/Jj'  melting  at  174^.  Amyrin  oocmrs  also  in  aniiiie 
resin. 

1253.  Dammara  resin  is  very  similar  in  appearan(»  to  eopal,  bat 
fnses  withoat  decomposition  and  dissolves  in  hcnling  aloohoL 

Mcutic  is  the  resin  of  PUtaeia  LentiteuSy  a  tree  growing  in  the 
iiilandji  of  the  Greek  archipelago.  It  occors  in  small,  rounded, 
traniilucent  grains,  and  contains  several  constitiientB  soluble  in  Taiying 
degrees  in  alcohol. 

Olihanuniy  or  incenfie,  is  obtained  from  a  Boewellia  growing  in 
Abyssinia.  It  occurs  in  rounded,  pale  yellow  grains,  which  on  mehiiig 
diffuse  an  aromatic  perfume. 

Acaroid  resin  is  obtained  from  XanthorhoeahagtUis,  a  tree  growing 
in  New  Holland.  It  yields  resorcin  when  treated  with  melting 
potash.  Nitric  acid  acts  on  it  very  readily,  yielding  picric  acid  in 
large  quantities. 

DrcbfjorCs  Hood,  the  resin  of  Calamus  Draco^  Dracaena  Draco  and 
PterocarpuB  Draco,  is  met  with  in  reddish  brown  fragments,  which 
yield  a  red  [K)wder  and  dissolve  almost  entirely  in  aloc^ol  to  a  red 
solution. 

Oum  lac,  or  lac,  exudes  from  punctures  made  by  the  female  insedB 
of  Cocctu  lacca  in  twigs  of  several  East  Indian  trees.  It  is  met  with 
in  commerce  in  three  forms — stick  lac,  seed  lac,  and  shell  lac  Tlie 
first  consists  of  the  twigs  covered  with  resin,  the  second  is  the  resin 
separated  from  the  woody  substance,  and  the  third  has  been  purified 
by  melting.     The  colour  of  the  latter  is  derived  fsom  the  insects. 

Oum  benzoin,  the  resin  of  Sti/rax  Benzoin,  occurs  in  large  brittle 
fragments  of  different  shades  of  brown.  It  has  a  pleasant  odour  re* 
sembling  vanilla.  It  contains  benzoic  and  frequently  cinnamic  adds, 
together  with  some  resins  of  feebly  acid  character. 

1254.  Aviher  is  a  fossil  resin  formed  in  many  peat  bogs,  and  consists 
chiefly  of  an  amorphous  substance  insoluble  in  alcohol,  oils,  and 
alkalies.  It  yields  succinic  acid  in  large  quantities  on  dry  distillation. 
Among  the  fossil  resins  may  be  mentioned  ozocerite^  consisting  6[  a 
hydrocarl)on  of  the  CnHjn  series ;  Jicfitelite,  nQ^H^  ;  scylaretin,  found 
in  fossil  fir  wood ;  and  aaphaUum. 

1255.  Among  the  balsams,  atorax,  from  Styrax  liquidamhar  con- 
taining styrol  (§  1042),  styracin  (§  1094),  and  cinnamic  acid,  Peru 
balsam  and  Tolu  balsam,  the  former  containing  cinnamein  and 
the  latter  yielding  toluene  on  dry  distillation,  have  been  already 
described. 

Among  the  gum  resitis  the  more  important  are  the  following : 

gum  ammoniac,  euphorbium,  galbanum,  gamboge,  assafoetida,  and 
myrrh ;  and  from  tliese  resorcin,  phloroglucin,  paraoxybenzoic  acid  and 
protocatechuic  acid  have  been  obtained. 

1256.  Caoutchouc  and  ijuttajyercha  consist  of  the  dried  jnices  of 
various  tropical  trees.  The  former  is  obtained  from  SipJionia  eUutica, 
Hevea  caoutchouc,  <fec.,  the  latter  from  various  isonandi-as  growing  in 
the  East  Indies. 
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Caoutchouc  consists  mainly  of  a  hydrocarbon  of  the  formula 
nC^H^,  a  white  substance  which  may  \)e  obtained  pui-e  by  treatment 
of  the  crude  substance  with  water,  alcohol,  and  alkalies ;  the  i*esidue 
is  then  dissolved  in  chloroform  and  precipitated  by  alcohol.  The 
substances  also  occurring  in  raw  caoutchouc  are  albuminous  matters 
and  the  methyl  derivatives  of  dambose  (§  876). 

Kaw  caoutchouc  softens  on  warming,  and  may  be  kneaded  and 
mixed  with  foreign  substances.  When  kneaded  with  sulphur  and 
heated,  vulcanised  caoutchouc  is  formed. 

Baw  guttapercha  is  tolerably  hard  at  ordinary  temperatures,  but 
softens  below  100^  and  may  also  be  vulcanised.  Its  principal  con- 
stituent is  a  hydrocarbon  of  the  formula  nCsH^,  which  may  be 
obtained  pure  by  treating  with  boiling  ether.  It  forms  a  white  powder 
melting  at  100°. 

Alkaloids. 

1257.  In  most  poisonous  plants  there  exist  certain  basic  sub- 
stances of  a  highly  poisonous  nature.  They  are  found  in  the  plant  in 
combination  with  acids,  and  have  been  called  alkaloids.  They  all 
contain  nitrogen,  and  combine  with  acids,  forming  salts,  just  as  am- 
monia does.  Only  a  few  contain  no  oxygen,  and  these  are  generally 
capable  of  distillation.  As  a  rule  they  contain  oxygen,  are  not  vola- 
tile without  decomposition,  and  are  crystallisable.  Their  ba^ic 
properties  differ  widely.  They  are  mostly  soluble  with  diflBculty  in 
water,  more  readily  in  alcohol,  ether,  amyl  alcohol,  chloroform, 
benzene,  &,c.  They  generally  possess  a  bitter  taste,  and  very  many  of 
them  are  optically  active. 

In  order  to  prepare  them  the  plants  are  usually  extracted  with 
water  or  dilute  mineral  acids,  and  the  solution  treated  with  ammonia 
or  other  strong  base.  The  volatile  alkaloids  may  then  be  distilled  off 
in  steam,  while  the  nonvolatile  ones  are  precipitated. 

As  a  rule  several  alkaloids  are  contained  in  the  same  plant  to- 
gether with  other  substances,  so  that  their  isolation  is  frequently  a 
troublesome  and  tedious  matter. 

All  alkaloids  aie  precipitated  by  phospho-molybdic  acid  and  by 
the  double  iodides  of  potassium  with  mercury  and  cadmium.  Many 
of  them  may  be  precipitated  by  a  solution  of  iodine  in  iodide  of 
potassium  and  by  platinic  and  auric  chlorides. 

Volatile  Alkaloids  containing  no  Oxygen, 

1258.  Conine,  CgHigN  =  C8H14  :  NH,  occurs  in  hemlock  (Conium 
maculatum).  To  obtain  it  the  crushed  seeds  are  distilled  with  dilute 
potash,  the  distillate  neutralised  with  sulphuric  acid  and  evaporated 
to  a  syrup.  On  addition  of  alcohol  ammonium  sulphate  is  precipi- 
tated ;  the  filtrate  is  evaporated  and  then  distiUed  with  concentrated 
potash.  The  oily  conine  which  floats  on  the  watery  distillate  is 
sepamted,  and  allowed  to  remain  in  vacuo  for  some  time  to  remove 
ammonia,  and  finally  purified  by  distillation. 

Conine  is  a  colourless,  highly  poisonous  oil,  having  the  odour  of 
hemlock.  It  boils  at  168**  and  its  sp.  gr.  at  0°  is  0*886.  It  mixes  in 
all  proportions  with  alcohol  and  ether.     It  is  dextrorotatory,  dissolyes 


736  ALKALOIDS. 

ID  100°  parts  of  vator,  giving  a  strongly  alkaline  solation.  "V 
diasolvea  in  it  t«  a  slight  extent,  more  being  diaeolved  bj  tlie 
Bubslance  than  when  it  ie  warm.  It  is  moaobaaic  and  yields  cr] 
line,  generally  deliquescent  salts,  which  oxidise  when  exposed  b 
becoming  brown  at  the  same  time.  The  hydrocUoride  has 
formula  CsHuiHHjCl. 

With  iodides  of  the  alcohol  radicals  it  yields  crystaUine  oompoi 
With  ethyl  iodide  the  substance  produced  is  GgHi^  :  N'(CiHa)JBC 

Tliese  compounds  are  decomposed  by  alkalies,  the  iodides  I 
regenerated.  They  are  capiible  of  uniting  with  yet  another  mol 
of  the  iodides,  forming  salts  of  the  general  formula  C,H|,N(J 
which  are  not  decomposed  by  alkalies,  but  yield  (»ustiJc  bMes 
fn-ehly  precipitated  argentie  hydrate.  The  ethyl  compound  hai 
com|K}sition  CgH|4N(CjIIj)2UH.  This  behaviotir  on  the  pai 
Conine  shows  that  it  contains  the  imide  group  (§  265). 

On  oiidiLtion  with  nitric  acid  or  chromic  acid  oonine  yields  no 
butyric  acid.  Ti'eat«d  with  nitrous  anhydride  and  subsequently 
water,  it  yields  axoconydrtn,  CjH,sN,0,  a  yellowish  oil,  which  j 
a  homologuo  of  acetylene,  allylene,  iic ,  on  treatment  with  phoc^ 
pentoxide.  This  substance  is  named  conylene  =:  CgH,^;  it  boil 
126°  and  combines  with  bromine,  producing  oonj/lene  dibromide : 

CgH,(Brj. 

Methyl  eonine,  C^Ri,  :N.CHj, occurs,  together  withconino,  ii 
seeds  of  the  hemlock.  Conydrin,  CgHi^yO,  is  also  present;  it 
ci'yBtalline,  strongly  basic  alkaloid,  molts  at  121°  and  boils  at  S 
It  is  converted  by  phosphoric  anhydride  into  conine. 

/"arocontne,  CgH,i ;  N,  isomeric  with  conine,  is  obtained  by  hea 
dibntyraldin  (§§  424  and  763),  isomeric  with  conydrin,  with  a  si 
quantity  of  alcohol  to  between  130°  and  1^0°.  It  is  very  aimila 
conine,  but  is  not  an  imide  base,  as  it  does  not  yield  an  aoolof 
compound  to  that  obtained  from  conine  on  treatment  with  the  ioi 
of  an  alcohol  radical.  It,  however,  yields  the  iodide  of  an  ammon] 
bose,  from  which  the  hydrate  may  l>e  prepared  by  tiie  action 
argentic  hydrate. 

1269,  Nicotine,  G^^U^'^i,  the  alkaloid  of  tobacco,  in  the  Us 
and  seeds  of  which  it  cxis^,  may  be  isolated  similarly  to  conine. 
is  purified  by  distilling  from  quick-lime  in  a  stream  of  hydrogen. 

Nicotine  is  a  colourless  liquid  which  turns  brown  on  exposnn 
air.  It  is  soluble  in  alcohol,  ether,  and  water.  Its  specific  gravit; 
1-048  and  vapour  density  5'Ciy.  Tlie  odour  is  similar  to  that 
tobacco.  It  yields  difficultly  crystallisable  salts  with  acids.  ' 
hydrochloride  ia  C,oHnNj.21i01.  The  iodide  unites  with  iodi 
forming  a  difficultly  soluble,  crystalline  periodide.  The  haloid  a 
yield  well -crystallised  double  salts  with  haloid  metallic  derivativ 
for  example,  C,,H,nNi.3H01.PtCI.,  CioHnNj.IICl  +  4HgCl„ 
Free  nicotine  also  furms  compounds  with  haloid  salts  of  mete 
CioHnNj.SHgCl,,  CioHiiNj.lIglj,  ic. 

If  bromine  be  added  to  an  ethereal  nicotine  solution,  a  oompoi 
having  the  formula  GioHigBrjN^.HBr.Br]  is  formed,  which  on  boil 
with  water  or  alcohol  gives  up  two  atoms  of  bromine  and  yield«  a  i 
oi  dibromtmicotine.     &e  base  Cj(^iiBr,Na  is  precipitated  by   i 
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monia  in  the  form  of  colourless  needles  which  have  feebly  basic 
properties. 

Nicotine  is  a  nitrile  base,  as  its  compounds  with  the  iodides  of 
alcoliol  radicals  yield,  on  treatment  with  argentic  hydrate,  strongly 
caustic,  nonvolatile  bases,  CioH,4{C2H5)2N2(OH)2. 

When  oxidised  by  chromic  acid  it  yields  an  amidated  add, 
C6H,.iN02,  which  distilled  from  lime  gives  rise  to  an  oily  base,  C5H5N, 
soluble  in  water.     The  latter  is  pjrridine. 

1260.  Sparteine,  C15H26N2,  from  Spartium  scoparium  (§  1237),  is 
obtained  like  the  preceding  alkaloids.  It  is  a  thick,  colourless  oil, 
boiling  at  288°.  It  is  only  slightly  soluble  in  water,  is  strongly 
alkaline,  and  resembles  nicotine  in  its  compounds.  like  nicotine,  it 
is  a  nitrile  base. 

Alkaloids  containing  Oxygen. 
Opium  Bases, 

1261.  Opium,  the  dried  juice  of  the  poppy  (Papaver  somni/erum), 
contains  a  large  number  of  crystalline  alkaloids,  mostly  combined  with 
meconic  acid  (§  943),  in  addition  to  resins  and  other  substances.  The 
best  known  among  the  alkaloids  are  morphine,  codeine,  thebaiue, 
papaverine,  narcotine,  and  nai'ceine. 

Morphine,  the  most  important  of  them  all,  and  narcotine  are  those 
present  in  greatest  quantity. 

There  are  sevei-al  ways  of  separating  the  alkaloids ;  that  about  to 
be  described  gives  especially  good  results. 

The  salts  of  the  alkaloids  present  in  the  opium  are  first  of  all 
exti-acted  by  water  at  a  temperature  of  65° ;  the  solution  is  then 
treated  with  barium  chloride,  the  precipitated  barium  meconate  filtered 
off,  the  filtrato  concentrated  by  evaporation  and  left  to  crystallise. 
The  hydi-ochlorides  of  morphine  and  codeine  then  ciystallise  out; 
they  are  collected,  pressed,  and  then  decomposed  by  the  addition  of 
ammonia.  Morphine  is  pi-ecipitated,  the  filti-ato  concenti-ated  by 
evaporation,  and  codeine  precipitated  by  means  of  concentrated  potash, 
which  i-etains  in  solution  any  morphine  which  is  still  present.  The 
dark  brown  mother  liquors  from  both  alkaloids  are  then  made  alkaline 
and  supersaturated  with  ammonia.  A  precipitate  of  narcotine,  papn,- 
verine,  and  thebjiine  is  obtained,  while  nai-ceine  and  meconine  remain 
in  solution.  The  filtrate  is  treated  with  plumbic  acetate,  the  pi*e- 
cipitate  filtei-ed  off,  and  the  filti-ate  treated  with  sulphuric  acid  to 
remove  lead ;  on  saturating  the  filtrate  from  the  lead  sidphate  with 
ammonia,  and  then  evapomting,  narceine  crystallises  out.  Meconine 
i-emains  in  solution,  and  may  be  obtained  by  shaking  the  solution  with 
ether. 

Tlie  crystalline  magma,  consisting  of  narcotine,  papaverine,  and 
thebjiTne,  contaminated  with  some  resin,  after  being  i*epeatodly 
washed  with  water,  is  boiled  with  alcohol ;  narcotine  and  papa- 
verine separate  out  on  cooling.  The  mixture  of  the  two  is  then 
treated  with  concentrated  potash,  which  is  diluted  with  water  after 
standing  some  time;  narcotine  remains  undissolved.  The  alkaline 
mother  liquors  are  then  neutralised,  evapoi-ated  to  dryness,  and  treated 
with  acetic  acid,  which  dissolves  the  pap;iverine.  It  can  now  be  pre- 
cipitated by  ammonia  from  the  solution. 
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The  alcoholic  solution  containing  thebaine  is  evaporated  and  the 
residue  taken  up  with  hot  acetic  acid.  There  still  remain  small 
quantities  of  narootine,  papaverine,  and  resin,  which  aiB  precipitated 
out  by  plumbic  acetate,  the  filtrate  treated  with  snlphuric  add  to 
remove  lead.  Thebaine  may  be  precipitated  from  the  filtered  liquid 
by  ammonia. 

If  it  be  necessary  to  isolate  only  morphine  and  narootine,  the 
opium  is  treated  with  dilute  alcohol  until  nothing  more  is  dissolved, 
and  the  bases  precipitated  by  ammonia,  leaving  the  whole  to  stand  for 
some  time.  The  narcotine  may  now  be  separated  from  the  morpliiiie 
by  means  of  potash,  in  which  the  former  is  insolubley  the  latter 
soluble.  The  morphine  is  precipitated  from  the  solution  on  additkm 
of  ammonium  carbonate. 

The  separated  alkaloids  are  finally  purified  by  recrystallisiDg  them 
either  in  the  free  state  or  in  the  form  of  salts. 

1262.  Morphine,  C,7H,9N03,H20,  crystallises  frt>m  alcohol  in 
colourless  lustrous  prisms,  which  are  soluble  in  500  parts  of  bdlbi^ 
water,  easily  soluble  in  ethyl  and  amyl  alcohols,  but  insoluble  io 
ether  or  chloroform.  It  is  readily  soluble  in  caustic  alkalies,  hot 
scarcely  at  all  in  solution  of  ammonia.  It  is  Ifevorotatory  and  tastes 
slightly  bitter. 

It  is  a  nitrile  base,  and  combines  with  one  equivalent  of  an  acid 
to  form  crystalline  salts,  soluble  in  water  and  alcohol  ;  e.g. 

C,7H,9N03.HC1,3H80. 
They  give  a  yellow  precipitate  with  platinic  chloride  : 

(Ci7H,9N03.Ha)2PtCl4. 

Slolutions  of  neutral  morphine  salts  are  coloured  blue  by  neotnl 
ferric  chloride  solution.  The  alkaloid  dissolves  in  warm  conoentiated 
sulphuric  acid,  giving  a  dirty  red  colour ;  on  addition  of  a  little  nilrie 
acid  the  colour  is  changed  to  purple  red.  Aqueous  solutions  of  iodic 
acid  are  reduced  by  morphine  and  its  salts,  free  iodine  being  liberated. 
It  is  decomposed  at  200°  by  concentrated  potash  and  yields  methyl- 
amine. 

If  a  solution  of  the  hydrochloride  of  morphine  be  treated  witii 
argentic  nitrite  at  60°  a  base  is  obtained  which  sometimes  oocois  in 
opium.  This  base  is  oxymorphine,  C 1 7H ,  9NO4.  Its  difficultly  soluble 
compound  with  hydrochloric  acid  is  decomposed  by  ammonia^  yield- 
ing the  free  base  as  a  shining,  white,  crystalline  powder,  insoluble 
in  water,  alcohol,  and  ether. 

If  morphine  be  heated  to  150°  with  concentrated  hydrochloric 
acid,  and  scida  afterwards  added,  a  white  amorphous  powder,  consistiDg 
of  apomorphine,  C,7Hi7N02,  is  obtained,  ibcpoeed  to  air  it  rapidly 
becomes  green ;  it  is  soluble  in  alcohol,  ether,  and  chloroform-  It 
acts  as  an  emetic. 

1263.  Codeine,  CigHjiNOa,  homologous  with  morphine,  crystal- 
Uses  from  ether  in  large  octahedra  containing  no  water.  When 
crystallised  with  a  molecule  of  water  it  takes  the  form  of  rhomlnc 
piisms.  It  dissolves  in  80  parts  of  water  at  16°  and  also  easily  in 
alcohol.  Its  melting  point  is  1 50°.  It  forms  crystalline  salts,  soluble  ia 
water.     If  the  hydrochloride  be  heated  with  a  saturated  solution  of 
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zinc  chloride  to  170°,  it  loses  a  molecule  of  water  and  a  salt  of 
apoeodeine  is  obtained.      Soda  precipitates  the  free  base : 

as  an  amorphous  resin.     Heated  to  150®  with  strong  hydrochloric 
acid,  codeine  yields  water,  methyl  chloride,  and  apomorphine. 

1264.  Thebaine,  C  i  gHg  i  NO3,  crystallises  in  silvery  quadratic  tablets, 
melting  at  193°.  Concentrated  sulphuric  acid  di^lves  it,  giving  a 
deep  red  colour ;  it  is  also,  soluble  in  alcohol  and  ether,  but  not  in 
water,  potash,  or  ammonia.  On  boiling  it  with  hydrochloric  acid  it 
yields  a  salt  of  thebenine,  which  is  isomeric  with  thebaine.  It  is 
amorphous. 

Papaverine,  C21H21NO7,  crystEdlises  in  colourless  prisms,  in- 
soluble in  water  and  melting  at  147°. 

1265.  Narcotmei  C2aH93N07,  forms  lustrous,  tasteless  prisms, 
which  melt  at  176°  and  decompose  at  220°.  It  is  insoluble  in  water 
and  alkalies,  soluble  in  alcohol  and  ether,  acts  as  a  narcotic,  but  is 
less  poisonous  than  morphine.  Its  salts  contain  one  equivalent  of 
acid,  do  not  generally  crystallise  well,  and  have  an  intensely  bitter 
taste. 

Concentrated  sulphuric  add  dissolves  narcotine  in  the  cold  with 
yellow  colour ;  when  heated  the  solution  becomes  blood  red ;  the  same 
change  takes  place  on  the  addition  of  a  little  nitric  acid. 

Long  boiling  with  water  splits  up  narcotine  into  meconine  and 
cotamine ;  heat^  with  manganese  dioxide  and  sulphuric  acid,  it  3delds 
opianic  acid  and  cotamine ;  with  dilute  nitric  acid  it  yields  in  addition 
meconine,  hemipinic  acid,  and  other  bodies. 

Heated  with  water  to  250°,  much  trimethylamine  is  formed.  At 
high  temperatures  narcotine,  when  treated  with  dilute  sulphuric  or 
hydrochloric  acid,  is  decomposed,  losing  three  methyl  groups  one  after 
the  other,  the  three  following  bases  being  produced  :  C91H21NO7, 
CaoHjgNOy,  and  C19H17NO7. 

Cotamine,  Ci2Hi3N03,H20,  a  monobasic  alkaloid,  crystallises 
in  shining  prisms  grouped  into  stars,  which  are  soluble  in  water, 
alcohol,  and  ammonia,  and  melt  at  100°.  On  boiling  with  very 
dilute  nitric  acid  it  yields  cotamic  acid,  CuHijOs,  and  apophylenic 
acifl,  C8H7NO4,  together  with  methylamine. 

Meconine,  CioH,o04,  forms  shining  colourless  crystals,  melting  at 
110°,  difficultly  soluble  in  water.  When  heated  with  acid,  ethereal 
meconine  derivatives  are  produced. 

Opianic  acid,  C10H10O5,  crystallises  in  needles  melting  at  140°. 
It  dissolves  but  little  in  water.  On  oxidation  it  yields  hemipinic 
acid.  Heated  with  potash,  meconine  and  hemipinic  acids  are  pro- 
duce<l : 

2CioH,o05  +  2KH0  =  OioHgKjOe  +  CioH,o04  +  2H2O. 

Concentrated  sulphuric  acid  at  180°  converts  it  into  rufiopin 
(§1169,2). 

Hemipinic  acid,  CioHjoOg,  crystallises  from  hot  water  in  four- 
sided  prisms  capable  of  sublimation,  and  which  contain  varying 
amoimts  of  water  of  crystallisation.  It  forms  acid  and  neutral  salts, 
those  of  potassium  being  CioHgKO,;  and  CioH^KjO^.    When  hemi- 
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1297.  In  the  tnMr  ciDch<<>i]Ea  bftrks  there  exist  two  liaf    mmmh 
^'r^^ii^^^^  ^^'^  ',tW^/rajv?.  CV.Hj^y,0,  in  Trnzxin^  quwiuti.  tc- 
^*^}jer  whh  '{fiimt  htA  ffjizj^rjoiiiic  aad  and  rinchocA  red  /§  IfSfi). 

77^^  c^ua>/a  bsvk  contain^  th«  moFt  &Ikmk)ids,  beTveoi  2  ai>i 
3  p«fr  ^^^xit,  ^'^  qmmTif:  mnd  perLaf/t  a  tenth  of  that  qnanmr  of  ds- 

T)ifi  }4%rk  fA  China  II>j/in/icrj^  however,  contains  aboot  24  pw 
/j^rrit.  //  cirichorjirje  and  a^JOtlt  0-^  per  cent,  of  qnmine.  In  muiT 
dr>/;Wja  >jarkji  the  idk^\fA<\h  pres^it  in  largest  qoantitv  mi«  qninidins 
mA  cin^iiofiidine,  mjiufsnc  with  those  above  mentic«ied. 

In  ^mJer  to  ixokt^  the  >jai;e«  tKe  pulverised  bark  most  be  extracted 
with  reiy  dilnt^  h^'drochloric  firi'l,  and  the  filtrate  precimtated  with 
M^^la,  llie  albiloidn  inav  then  1^  extracted  from  the  iH«t«ed  pre- 
dpit^t#;  hy  }x>iling  alcohol  and  g^iarated  by  conversion  into  snlcJiatei^ 
ifiat  r/f  r|t]injne  f^ein;?  the  most  diffienltly  sol  able,  or  bv  means  of 
etli/fT,  which  drxj**  not  diiwrilve  cinchonine.  The  alkaloiils  inaj  be  pre- 
{^tftUiUA  in  the  rx»loiirle««  «tfite  by  addition  of  ammonia  to  solntioitf 
iff  iUtnr  mlUi  prrjvioa-ly  decolourized  by  animal  chartxiaL  Jjmz 
hf^iituf^  with  exrjeKM  <jf  ardul  mufit  be  carefully  avoided,  or  the  alka- 
hntU  will  \fe  convHrUA  into  resinous  isomers,  qtoniciiiey  and  cin- 
r'honidne. 

1208,  Quinine,  C^^y^^^'S.fl.^.ZJifi,  is  precipitated  from  its  salts 
lis  a  white  fiowder.  It  cryHtiilliijes  from  ether  or  cblcMtiform  in 
ctAo\\r\(m^  nee^lUfM,  which  lose  their  water  of  crystallisation  on  beating 
and  errnitnally  fuse  into  a  resinons  mam.     It  difviolww  in  about  900 
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parts  of  boiling  water,  but  requires  1,600  paiiis  of  water  at  20°  to 
dissolve  it. 

It  is  very  easily  soluble  in  alcohol,  and  the  solution  is  laevorota- 
tory.  It  has  an  alkaline  reaction  and,  like  its  salts,  an  intensely 
bitter  taste.  It  combines  with  one  or  two  equivalents  of  acid,  the 
latter  having  an  acid  reaction.  2(C2oH24N202,HCl),3H20  crystal- 
lises in  long  silky  needles,  which  are  tolerably  soluble  in  water. 
C20H24N2O2.2HOI  is  converted  by  water  into  the  preceding  salt, 
but  yields  with  platinic  chloride  a  stable  double  salt  of  a  yellow 
colour,  which  soon  becomes  crystalline  : 

C2oH24N202,2HCl,PtCl4,H20. 

Quinine  sulphate,  (C2oH24N202)2H2S04,  crystallises  from  hot 
water  in  needles  containing  7^  molecides  of  water.  It  is  efflorescent. 
From  alcohol  it  crystallises  with  2H2O.  It  is  the  salt  of  quinine 
most  used  as  a  febrifuge.  It  is  easily  dissolved  by  dilute  sulphuric 
acid,  forming  a  salt  containing  only  half  the  quinine  that  the  other 
does,  C2oIl24N"202.H2S04,7H20 ;  this  crystallises  in  ti*ansparent  four- 
sided  prisms,  and  dissolves  to  a  solution  having  a  blue  fluorescence. 
It  is  soluble  in  1 1  times  its  weight  of  water. 

The  neutral  sulphate  is  also  readily  soluble  in  acetic  acid,  and 
yields,  on  addition  of  iodine  solution,  quinine  sulphate  diiodidCf  or 
Jierapathite,  crystallising  in  large  thin  tables,  which  are  almost 
colourless  by  transmitted  light,  but  exhibit  a  flne  beetle  green  colour 
when  viewed  by  reflected  light,  C2oH24N202,H2S04.l2  +  SHjO. 

Quinine  forms  crystalline  compounds  with  iodides  of  alcohol 
radicals  which  are  not  decomposed  by  alkalies,  but  yield  caustic  alkyl- 
quinine  hydrates  when  decomposed  by  argentic  hydrate.  It  is  there- 
fore a  nitrile  base.  With  the  chlorides  of  the  add  radicals  anhydrous 
quinine  yields  hydrochlorides  of  quinine  salts,  from  which  the  latter 
may  be  precipitated  as  amorphous  masses.  Benzoyl-quinine  has  the 
formula  C2oIl23(C7H50)N202. 

If  chlorine  water  be  added  to  a  quinine  solution,  and  afterwards 
ammonia,  an  emerald  green  colour  is  developed ;  ferrocyanide  of  potas- 
sium and  ammonia  give  a  deep  red  colour. 

1269.  Cinchoniney  C20H24N2O,  is  pi^ecipitated  from  solutions  of 
its  salts  in  an  earthy  condition ;  it  is,  however,  readily  obtained  in 
shining  prisms  by  crystallising  from  alcohol.  It  is  less  soluble  in 
alcohol  and  water  thim  quinine,  is  quite  insoluble  in  ether,  and  is 
dextrorotatory.  Its  salts  correspond  to  those  of  quinine,  but  are 
more  readily  soluble  in  water.  Chloro-substitution  products  are  ob- 
tained on  addition  of  chlorine  water  and  ammonia  in  form  of  a  yellow 
precipitate.  If  bromine  be  added  to  the  hydrochloride  of  cinchonine, 
and  the  resulting  salt  of  dihromo-cinchonine  decomposed  by  ammonia, 
the  brominated  compound  02oH2al3r2N20  is  form^ ;  on  boiling  this 
dibromo-cinchonine  with  pota«h  oxycinchonine  C20H24N2O2  is  pro- 
duced. Although  this  substance  has  the  same  composition  as  quinine 
it  differs  markedly  from  it  in  its  pi-operties. 

Acetate  of  cinchonine  dissolved  in  alcohol  yields,  when  treated 
with  sodium  amalgam,  colourless  scales  of  dihydro-d/nchonine : 

and  amorphous  tetrahydro-cvMilionine,  CsqHjsNjO. 
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1270.  A  dan  'jrcnrzt  JOMrpcicrs 


iu^%?*  I'^t',     LijLf:  'izhjjjfc  it  zfv^d?  k  crciesi  kmiss^ivi 


in  V 


mre  pro> 


eL:iA,     l\  iynij".  ^s.t'jl*:  ZJkf*j  ensiaJs.  tb«  soliziiciii  of  ^w^hicb  is  lwo> 
r*AiV/r;/.      >'<'t/«/./u<wa/v*.  C^-JiityiO.  ocrm  witii  <jTdnidizuc  in  qizm- 

1271.  ^^j  L^'diii^  Hif:  B'iIpL&t«8  of  the  qmniA  ^Ikmloids  vidi  a 
llxtlfi  nilrv:  ^:A  v>  \?/f'  \JL^  jiftA  a^ts  of  nro  resizboos  Jjoorpiioai 
)jeiM»;.     Q'jil/'.'ci/f^  is  o)/tA:Li^  from  qmikiDe  aiid  q^iinidijae,  -vlulecan- 

Um;  }jsfc¥*  fpyiii  vLich  tL«:y  are  yiyArjc^L 

In  *^jUiH  ciiiChfjtA  harlu  iue  foUowin^  alkaloids 

1272.  A  /K/oiologouA  fieries  of  baees,  tJi«e  chinoHn^  ^ 
4tj/;ed  b/  fjry  db^tiliatioD  of  quininiEr,  cincfaoimiey  and 
witlj    prAa^k      TL^y  are  aliio  productB  of  the   dry  disdllation  of 
coaL 

Chirioline,  C»H-N,   boilB  at   238'. 
I>>pidiiie,   C,oH^'         „        269»-271^ 
Coptidine, C, , H, ,N       „        about  274'. 

They  are  nitrile  bases,  as  their  alkyl-iodo  oomponnds  ai«  only 
dtfouuiiftjhbtl  by  f^ilver  oxide;  they  then  yield  caustic  ammonium 
liydraUi  ^KUif;^,     With  acids  they  form  neutral  salts  easUy  soluble  in 

Tlieir  aiuyl-ir^lo  compounds  when  heated  with  potash  3rie]d  tabular 
crystcilh  baving  a  fine  V>eetle-green  lustre,  soluble  in  alcohol  without 
(hiairtniMmiiit^n,  They  are  blue  colouring  matters  and  have  been 
caJJe^l  ct/aniruis. 

2(C,H7N.C5H„I)  +  KHO  =  KI  +  H,0  +  C^Hj^N,! 

(Chinolme  c}'aniiie). 

2(C,„!I,,N.C,»,,I)  +  KHO  =  KI  +  H,0  +  C,oH„N,I 

(Lepidine  cyanine). 

Tlie  cyaiiineH  combine  with  2  equivalents  of  acid,  forming  colour- 
lesH  Halts. 

1273.  BaBdBfrina  Hirycfinos. — In  different  varieties  of  Str3rchno8, 
f*H[)fy'ittlly  in  tbe  kcocIh  of  H.  nux  vomica  and  S.  Tgnatii  (St.  Ignatius 
Ixaiii),  twf)  <;xtr(?m«ly  bitter  and  poisonous  alkaloids  occur — sirycknine, 
(Jy,  II^'^N./^a,  and  brudne^  ^-'sa'^ 26^2^4* 

In  ordor  to  propare  tbem  the  seeds  are  boiled  with  concentrated 
aKxihol,  ^\vm\^  j^wdered,  and  rei)eatedly  extracted  with  dilute  alcohol. 
Tlio  alcohol  \H  evaporated  from  the  extract  and  the  aqueous  residue 
precipitated  with  plumbic  acetate,  the  lead  removed  from  the  filtrate 
witli  sulphuretted  hydrogen  and  the  bases  precipitated  from  the  dear 
solution  hy  addition  of  magnesia.     After  standing  for  eight  days  the 
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precipitate  is  treated  with  cold  alcohol  to  remove  brucine,  and  the 
strychnine,  which  is  nearly  insoluble  in  that  solvent,  recrystallised 
from  boiling  spirits  of  wine. 

1.  Strychnine^  C21H22N2O2,  forms  colourless  tetiugonal  prisms, 
which  are  nearly  insoluble  in  water,  absolute  alcohol,  and  ether,  but 
more  readily  dissolved  by  hot  aqueous  alcohol,  benzene,  or  chloroform. 
The  solutions  are  optically  Isevorotary.  The  crystallisable  salts,  e.g. 
the  nitrate,  C21H22N2O2.HNO3,  which  crystallises  in  tufts  of  neeidles, 
dissolve  readily  in  water,  at  least  when  hot,  and  on  addition  of 
ammonic  sulphocyanate  give  a  crystalline  precipitate  of  strychnine 
sulphocyanate.  Strychnine  dissolves  in  cold  sulphuric  acid,  forming 
a  colourless  liquid,  which  on  addition  of  potassic  dichromate  yields  a 
beautiful  bluish  violet  coloration.  Strychnine  chromate,  which  is 
insoluble  in  water,  shows  this  reaction  when  treated  with  sulphuric 
acid. 

2.  Brucine,  C23H26N204,4H20,  crystallises  in  plates  or  prisms,  is 
less  poisonous  than  strychnine,  and  dissolves  more  readily  in  water 
and  alcohol,  yielding  Isevorotary  solutions.  Concentrated  nitric  acid 
colours  strychnine  first  red,  then  yellow.  On  addition  of  stannous 
chloride  the  colour  changes  to  deep  violet.  On  heating  brudne  with 
manganic  oxide  and  sulphiuic  acid  methylic  alcohol  distils  over. 

1274.  Bases  from  Veratrum. — Sabadilla  seeds  (from  V.  SabadiUa) 
contain  a  vei'atrine  salt  of  veratric  add ;  hellebore  (from  F.  album) 
contains  veratrine  and  jervine.  The  procedure  for  preparing  these 
alkaloids  is  similar  to  that  for  strychnine  and  brucine,  the  separation 
of  the  two  alkaloids  being  effected  by  dilute  sulphuric  add,  which 
gives  a  readily  soluble  salt  with  veratrine,  that  of  jervine  being 
difficultly  soluble. 

1.  Veratrine,  032X152^203,  is  obtained  either  as  a  light  powder  or 
as  prisms  which  effloresce  in  air.  It  melts  at  115°  and  solidifies  on 
cooling  to  a  resinous  mass.  It  dissolves  readily  in  alcohol  and  ether, 
but  is  nearly  insoluble  in  water.  When  a  trace  is  brought  into  con- 
tact with  the  nose  it  causes  violent  sneezing ;  when  swallowed  it  acts 
as  a  violent  poison.  It  dissolves  in  sulphuric  add,  the  solution  having 
a  yellow  colour,  which  slowly  becomes  blood  red,  the  same  change 
being  efiected  quickly  on  heating.  It  unites  with  one  equivalent  of 
acid  to  form  salts  that  are  in  part  crystallisable. 

2.  Jervine,  C3oH46N203,2H20,  forms  prisms,  insoluble  in  water, 
readily  soluble  in  alcohol,  and  with  adds  yields  salts  which  are 
generally  soluble. 

1275.  Berherine  and  oacyaca/yUhine  occur  in  the  roots  of  Berberia 
vrdgaris,  the  first  in  numerous  other  plants  also,  such  as  Colombo  root, 
in  different  menispermia  and  ranunculaoeee. 

Berberine,  C2oH,7N04,6H20,  forms  yellow  needles ;  it  melts,  when 
anhydrous,  at  120°,  is  soluble  in  water,  and  gives  yellow  crystalline 
salts  with  adds,  which  are  predpitated  from  their  solutions  by  addition 
of  an  excess  of  add.  Nascent  hydrogen  converts  it  into  hydroberberine, 
C20H21NO4,  forming  small  crystals  of  adamantine  lustre,  reoxidi^ed 
by  nitric  acid  to  berberine. 

Oxyacanthine,  C32H4gN20j  i  (1),  crystallises  from  ether  in  ooloorless 
prisms,  turning  yellow  on  exposure  to  light. 

1276.  Piperine,  Ci7H,9N03,  the  alkaloid  of  the  different  kinds  of 
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pepper,  is  best  prepared  from  white  pepper.  This  w  extracted  wilii 
alcoholy  the  solvent  evaporated,  the  extract  washed  with  wmter,  hme 
or  potash  added,  and  the  result  again  extracted  with  aloohoL  On 
evaporation  piperine  aystallises.  It  fornL>  ooloarlesB  tetragonal  pUtes, 
destitute  of  odour  or  taste,  L>  insoluble  in  water,  readily  soluble  in 
alcohol  or  ether.  The  alcoholic  solution  has  a  sharp  peppery  tastCL 
The  isalts  of  piperine  are  decomposed  bv  water. 

On  boiling  with  alcoholic  potassic  hydrate  it  splits  op  into  piperie 
acid  and  piperidine. 

Fiperifline,  Q^^i^  =  ^'5^,0  :NH,  is  a  sstronglj  alkaline  liquid, 
miscible  with  water  and  aloohoL  It  boUs  at  106°  and  has  vapour 
den.sity  2*97.  Its  salts  crystallise  well.  Heated  at  300°  for  sevenl 
hours  with  conoentrated  sulphuric  acid  it  yields  pyridine  (§  892).  It 
unites  with  the  alkyl  iodides,  forming  alkyl-piperidine  iodides,  from 
which  the  iilkylpiperidiiies  can  be  separated  as  strongly  albiliiie 
V>as€h  which  can  be  distilled.  Methyl  piperidine,  CjHjo  :  X.CHj,  boils 
at  118%  ethyl  piperidine  at  128''.  These  again  unite  with  alkyl 
ioflides  to  form  salts,  from  which  the  caustic,  non-volatile  dialkyl 
pififnidimimmonic  hydrates  can  only  be  obtained  by  the  acti<xi  of 
argentic  hydrate.  With  benzoyl  chloride  piperidine  yields  dyEtalHne 
benzoyl  piperidine,  C5H10  iN.CO.C^H^. 

Piperi4:  acid,  C, jHioO^  =  CH2'^C6H,.C4H4.CO.OH,  is  obtained 

by  2iddition  of  hydrochloric  acid  to  the  potassic  salt ;  it  crystallises 
from  alcohol  in  clear  yellow  interlaced  needles,  melts  at  216%  and  is 
nearly  insoluble  in  water.  With  bromine  it  yields  piperic  aad 
tttraf/romide,  Ci2lI|oBr404,  which  on  heating  with  dilute  solatkmof 
pota.ssic  hydrate  yields  piperonal  (§  1034),  as  does  also  potasBC 
jiiperato  when  distilled  with  pot&siiiic  permanganate.  On  fusing  with 
]>otiissic  hydrate  piperic  acid  is  decomposed  into  potassic  acetate, 
oxalate,  carbonate,  and  piotocatechuate.  It  unites  wdth  nasomt 
hydrogen,  forming 

Jlydropijyeric  acid,  Cj  21^2.^04,  which  crystaUises  in  fine  needles, 
melts  at  70^-71°,  and  unites  with  bromine  to  form  hydropiperic  acid 
dibrom ide,  C ,  2 H 1 2 Br204 . 

From  this  it  can  scarcely  be  doubted  that  piperic  acid  poesesseB 

the  structm-al  formula  CII2qC6H3.CH:CII.CH:CH.CO.OH,  pipe- 
rine being  its  piperidine  derivative  corresponding  to  benzoyl  piperidine : 

GH2  r\  C'gii3.C'4ll4.(-/(J.jN  lOijllio* 

1277.  Sinapiiie,  CigHaaNOs,  occurs -as  sulphoc}'anate  in  the  seeds 
of  Sinapi8  alba,  and  is  only  known  in  the  form  of  its  salts.  Mustard 
flour  is  pressed  and  washed  with  cold  alcohol  to  remove  any  fatty  oils, 
and  then  extracted  with  boiling  85  %  alcohol.  On  evaporating  the 
alcohol  and  removing  the  layer  of  fat  from  the  aqueous  solution, 
nnapine  sulphocyanate,  C,6H23N05.HSCN,  crystallises  from  this 
latter  and  is  puiified  by  pressing  and  recrystallisation  from  boiling 
alcohol.  It  forms  light  fine  needles  and  melts  at  130°  ;  on  addition 
of  sulphuric  acid  it  is  converted  into  the  acid  sulphate  : 

Ci6Hj3N05.1l2S04,2H20, 
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from  which  siuapine  can  be  liberated  by  addition  of  baryta  water.  On 
eva|)oi'ationy  especially  when  alkaline,  the  resulting  solution  decom- 
poses into  choline  (sincaline,  §  525)  and  the  dilMisic  sinapic  acidf 

CiiHiaOs  =  OgHioO'pQ'Qjj.     This    latter   crystalliBes  in    prisms, 

cannot  be  sublimed,  and  is  difficultly  soluble  in  water  and  alcohol  at 
the  ordinary  tempei-ature.  Sinapine  therefore  appears  to  be  a  saline 
compound  of  choline  and  sinapic  acid  : 

C2H4— O— CO 


N^  {CH3)3        C9H10O 


.0 CO 

C2H4— 0— CO 


the  sulphocyanate  :  N-^  (0113)3         CqHiqO 

SON     HO.CO 

1278.  Atropine f  C17H23NO3,  occurs  in  the  deadly  nightshade, 
{Atropa  BeUadonna)  and  in  Solanum  nigrum.  It  is  prepared  from 
belladonna  by  heating  the  freshly  expressed  and  filtered  sap  to  90°, 
addition  of  potash,  and  shaking  with  chloroform.  It  crystallises  in 
prisms  of  sharp  and  bitter  taste,  melts  at  90°,  is  difficultly  soluble  in 
cold  water,  readily  in  alcohol.  Either  free  or  in  the  foim  of  its  salts 
it  causes,  even  in  extremely  small  quantity,  dilatation  of  the  pupil  of 
the  eye.  On  boiling  with  bases  and  acids  it  splits  up  into  tropic  acid 
(§  1084,  2)  and  tropinCy  CgHi.^NO,  an  alkaloid  readily  soluble  in 
water,  alcohol,  and  ether,  crystallising  in  tables  of  m.p.  61°. 

Ht/oscf/amine,  C17H23NO3,  isomeric  with  the  above,  occurs  in 
the  seeds,  <fec.,  of  llyoscyarmis  niger  and  H.  aJbua,  and  appears  to  be 
identical  with  the  all^oid  formerly  described  as  daturvne  (from 
Datura  Stramonium),  It  crystallises  in  silky  needles ;  it  dilates  the 
})upil,  and  on  heating  with  baryta  is  decomposed  into  tropine  and 
ti-opic  acid.  From  this  the  relations  of  hyoscyamine  and  atropine 
must  be  very  close ;  they  are  probably  physical  isomerides. 

Fhi/so8tigminef  or  eaerine,  Ci.i^H2iN302,  is  the  alkaloid  of  the 
Calabar  bean  (from  Fhysostigma  venenosum).  It  is  a  yellow,  amor- 
phous, strongly  alkaline  mass,  causing  contraction  of  the  pupil.  It 
oxidises  on  exposure  to  air,  as  do  also  the  aqueous  solution  of  its  salts. 

1279.  Cocaine,  C17H21NO4,  the  alkaloid  of  the  leaves  of  JSry- 
throxylon  Coca,  crystallises  in  monoclinic  prisms  and  melts  at  98°.  On 
heating  with  hydrochloric  acid  it  splits  up  into  benzoic  acid,  methylic 
alcohol,  and  an  alkaloid  ecgonvne,  CgH^^NOs.  This  latter  is  readily 
soluble  in  water,  insoluble  in  ether,  and  crystallises  with  one  molecule 
H2O  in  shining  prisms,  melting  at  198°. 

Colchicine^  Ci7H]9N05,  occurs  in  all  parts  of  Colchium  autumnale ; 
it  is  amorphous,  soluble  in  water  and  alcohol,  and  possesses  a  sharp 
and  bitter  taste.  It  melts  at  140°,  is  very  poisonous,  and  scarcely 
possesses  basic  properties. 

Solanine,  042Hg7NOi5,  occurs  in  various  solonaceous  plants,  and 
especially  in  potatoes  that  have  sprouted  in  the  dark.     It  is  extracted 
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hj  dflute  •sulphDric  add,  and  on  quick  predipitatiaa  of  the  filtimte  wh 
amnionia  an<l  recnrstalluation  of  the  precipitate  from  boiliii^  alcob 
is  obtainf:*!  in  allkv  prisms,  melting  at  235^,  of  we&k  basic  propiarti 
and  ntArly  iiii^olnble  in  water ;  It^  sales  are  gummy.  £vai  traces  < 
it  im[jart  a  fine  red  colour  to  a  warm  mixture  of  alcohol  &n*i  solphxa 
acid.     Solanine  is  a  glucotvU  alhiloid,  as  on  boflin^    with  dihi 


mineral  adds  it  takes  up  water  and  deoompoees  into  sugar  aikd  d 
more  stronglj  basic  tolani/Iinfy  Cj^HnyO].  The  latter  cKTsteDsi 
in  fine  needles,  melts  at  200'.  and  can  be  .sublimed  withcmt  mm 
dt-com position.     Its  salttf  crvstalli^ie  readilv. 


prismii,  and  which  can  aLso  be  prepared  by  oxidation  of  the  fanae 
They  are  both  monadd  liases. 

Of  other  alkaloirls  there  may  be  mentioned — 

Aiy/nitirMf  CjqH 47X07,  from  monk's  hood  {Aeonitum  XapeOut). 

Beb^mne^  Ci^HuNOj,  in  the  bark  ^ Xectandra  I^odUi. 

CMuIonine,  C'l^HijNOi,  and  chderythrine^  Ci^Hi-N,0^  i 
Chdulonium  nwjus. 

Curarine,  contained  in  the  South  American  anowr  poison. 

Delphinine,  C24H}5N02,  in  Delphinium  Staphi^ctgrioj  and  finsO 
caffeine  and  theobromine,  which  have  been  already  described  (§  931) 

Bile  Debivatites. 

1281.  The  gall  bladder  of  animals  contains  a  green  or  brow: 
liquid,  of  faint  alkaline  reaction  and  bitt^  taste.  This  has  bee 
formed  in  the  liver,  and  contains,  in  addition  to  muciis,  choline,  Ice 
thine,  fatty  soaps,  and  paralactic  acid,  the  sodic,  or  more  rarely  th 
potassic,  saltK  of  the  bile  aeidSf  cholesUrine,  and  the  bil^  pyjnienU.  Tfa 
latter  and  cliole^terinc  occur  at  times  so  richly  in  the  liver  that  the 
crystallise  out  in  the  gall  bladder  and  form  gall  stones. 

Bile  Acids, 

12162.  In  tho  bile  of  most  animals  txco  bile  acids  are  found,  whic 
are  lx)th  monoljnxic  and  contain  nitrogen,  but  only  ono  oontsiii 
sulphur.  On  boiling  with  acids  or  alkalies  the  two  acids  from  tl 
same  animal  yield  the  nitrogen-free  acid,  cholic  CLcid ;  in  the  case  i 
the  bile  acid  free  from  sulphur,  ghjcocholic  acid,  glycine  (§  717)  is  oh 
obtained,  whilst  from  the  sulphur-containing  acid,  taurocholie  aeii 
the  second  product  is  tauiine  (§  528).  All  bile  acids,  even  whe 
present  in  very  small  quantity,  f^ve  *  rettenko/er^s  reaction^*  Le. 
IxKiutiful  purple  coloration,  on  addition  of  a  little  sugar  and  then  < 
conccntnited  sulphuric  acid.  Tliis  coloration  occurs  most  leadily  1 
alx)ut  60°. 

The  alkali  salts  occurring  in  the  bile  are  readily  soluble  in  watt 
and  alcohol,  but  insoluble  in  ether.  In  order  to  obtain  them  in 
state  of  purity  tho  bile  is  mixed  with  so  much  animal  charcoal  tha 
on  evaporating  to  dryness  on  the  water  bath,  a  dry  powder  remain 
from  which  absolute  alcohol  extracts  the  now  colourless  salt  of  tl 
bile  adds,  together  with  cholosterine,  choline,  lactic  add,  ^ka    0 
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addition  of  ether  containing  some  water,  the  salts  of  the  bile  acids  are 
precipitated  as  a  colourless  plaster-like  mass,  which  ciystallises  on  long 
standing  in  the  liquid  and  forms  the  crude  matemd  for  preparing  the 
acids. 

The  acids  of  ox  gall  have  been  best  investigated  ;  they  occur  also 
in  the  bile  of  man,  of  the  dog,  and  of  most  animals  that  have  been 
investigated  as  yet,  the  proportion  of  the  sulphurised  acid  to  that 
free  from  sulphur  generally  differing.  They  are  designated  by  the 
name  given  above. 

1283.  Glycocholic  Ordd,  C26H43NO6.  On  addition  of  dilute  sul- 
phuric acid  to  an  aqueous  solution  of  the  crystallised  salts  obtained  as 
above  described,  a  colourless  precipitate  is  obtained,  which  after  some 
time — especially  when  the  water  contains  some  ether—  changes  into  a 
voluminous  magma  of  fine  white  needles.  Collected  on  a  filter,  it 
contracts  on  dr3dng  to  a  shining  mass  of  interlaced  needles. 

Glycocholic  acid  is  little  soluble  in  water,  more  readily  in  alcohol ; 
it  has  a  faint  acid  reaction,  a  bitter-sweet  taste,  and  is  dextroix)tary 
([«]  =  -f  25*7°).  It  yields  salts  of  neutral  reaction,  of  which  the 
alkali  salts  are  I'eadily  soluble  in  water,  those  of  the  other  metals 
mostly  difficultly  soluble  in  water,  more  readily  in  alcohol.  The  sodic 
salt,  0/26^4  2^^^G»  forms  fine  prisms ;  addition  of  plumbic  acetate  to 
its  aqueous  solution  precipitates  the  l€xad  salt,  (C26H42N05)3Pb,  aa  a 
plaster-like  precipitate,  soluble  in  alcohol. 

1284.  Taurocholic  acid,  03^1145.^807,  occurs  in  ox  gall  in  only 
small  quantity,  and  cannot  be  wdl  extiucted  from  it  in  a  state  of 
purity.  To  prepare  it  the  solution  of  the  salts  from  ox  gall  is  first 
treated  with  normal  plumbic  acetate  to  precipitate  glycocholic  acid, 
and  basic  plumbic  acetate  then  added  to  the  filtrate  to  precipitate 
taurocholic  acid.  The  latter  precipitate  is  then  washed,  decomposed 
with  sulphuretted  hydrogen  under  water,  and  the  solution  evaporated. 

The  crystallised  salts  from  dog's  bile  form  a  better  crude  material, 
as  they  contain  only  traces  of  glycocholic  add.  The  aqueous  solution 
m  first  mixed  with  an  amount  of  basic  lead  acetate  by  far  insufficient 
for  complete  precipitation,  and  the  filtrate  precipitated  with  the  same 
reagent.  The  last  precipitate  is  then  decomposed  under  water  with 
sulphuretted  hydrogen,  the  filtrate  highly  concentrated  and  mixed 
with  ether ;  taiu*ocholic  acid  then  precipitates  as  a  syrup  that  soon 
changes  into  needle-formed  crystals.  It  is  readily  soluble  in  water 
and  alcohol,  its  solutions  being  dextrorotary  ([a]  =  -f  24'6°),  and  is 
readily  split  up,  either  by  boiling  with  pure  water  or  more  r^tdily  by 
acids  and  alkalies. 

1285.  Cholic  acid,  or  chdalic  acid,  C20H40O5,  is  the  common 
decomposition  product,  together  with  glycocine  or  taurine,  of  both  the 
acids  previously  mentioned,  the  splitting  up  being  best  effected  by 
boiling  for  several  days  with  baryta  water  : 

GjeH^aNOe  +  H3O  =  CallgNOa  +  C^.B.^O,, 
O36H45NSO7  -h  H3O  =  C2H7NSO3  +  C34H40O6. 

The  basic  salt  contained  in  the  stUl  hot  liquid  is  decomposed  by 
addition  of  hydrochloric  acid,  and  the  resulting  amorphous  precipitate, 
after  washing  with  water,  dissolved  in  a  little  sodic  hydrate  solution, 
and  the  liquid,  after  addition  of  some  ether,  again  supersaturated  with 
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hydrochloric  acid.  The  separated  acid  is  dissolved  in  ^irann  alcohol, 
and  this  mixed  with  witer  until  turbidity  ensues  ;  after  some  days  the 
acid  crystallises.  The  crystals  are  either  effloresoent  tetragonai 
pyramids,  containing  five  molecules  of  water,  or  prisms  with  one 
molecule  of  water  which  do  not  change  in  air.  Cholic  acid  is  readilj 
soluble  in  alcohol  and  ether,  difficultly  in  water.  Its  solutions  are 
dextrorotary  (-f  35°).  Of  the  chelates  those  of  the  alkalies  are 
readily  soluble  in  water,  baric  chelate  difficultly  soluble,  and  plumbic 
chelate  is  insoluble  in  water,  but  soluble  in  boiling  alcohol. 

Free  cholic  acid  and  its  salts  give  Pettenkofer's  reaction  veiy 
readily.  On  fusion  with  alkalies  oils  of  aromatic  odonr  are  evolved, 
whOst  the  residuary  saline  mixture  contains  salts  of  volatile  &tty 
acids,  acetate,  propionate,  and  butyrate. 

1286.  On  boiling  cholic  acid  with  acids,  or  on  heating  it  for  a  short 
time  at  200°,  it  loses  a  molecule  of  water  and  is  converted  into 

Cholodinic  acid,  C24H3g04.  It  is  a  colourless,  amoiphous, 
resinous  mass,  insoluble  in  water,  soluble  in  alcohol,  whidi  yidds 
amorphous  salts  of  bitter  taste,  soluble  in  alcohoL  On  longer  boiling 
with  acids  or  long  heating  at  200°,  or  more  shortly  at  300%  anoihe' 
molecule  of  water  is  eliminated  and  there  remains 

Dyalyaine,  C24H36O3,  a  resin  insoluble  in  water  and  ala^d, 
soluble  in  ether,  which  on  long  boiling  with  alcoholic  potassic  hydnte 
dissolves,  being  converted  into  potassic  chelate.  Dyslysine  is  soluble 
in  concentrated  sulphuric  acid,  and  then  gives  Pettenkofer's  inaction 
with  a  trace  of  sugar. 

On  long  boiling  of  cholic  acid  with  nitric  add,  acetic,  butyric,  and 
higher  fatty  acids,  together  with  nitroform,  distil  over,  and  the  retort 
contains  choloidanic  acid,  C^fJ[l2fi7f  forming  hair-like  prisms  neulj 
insoluble  in  cold  water,  together  with  oxalic  acid  and  the  dibosc 
choUaterinic  acid,  CgHioOj,  which  forms  a  gummy  mass. 

1287.  The  acids  derived  from  pig's  bile  differ  essentially  from  the 
preceding;  only  very  small  quantities  of  the  sulphurised  acid  are 
present  together  with  considei^able  quantities  of  the  sulphur-free  add. 

llyogli/cocholic  acid,  C27H43NO5,  is  amorphous  and  insoluble  in 
water  ;  its  salts  Ixave  a  bitter  taste. 

llyotaurocholic  acid,  C27H45NSO6,  has  not  been  suiiicientlj 
investigated,  as  it  only  occui*s  in  small  quantity  and  is  very  readilj 
decomjKJsed. 

On  lx)iling  with  acids  or  alkalies  they  decompose  into  glycine  or 
taurine  and 

Hyodiolic  acid,  C25H40O4,  which  can  be  obtained  with  difficulty 
in  warty  crystals,  and  is  insoluble  in  water,  but  readily  soluble  in 
alcohol.  On  long  boiling  with  acids  it  loses  water  and  is  converted 
into  hyodyslysine,  0.25113303. 

The  bile  of  the  goose  contains  principally  chenotaurocholic  acid, 
CjgH^gNSOg,  homologous  to  hyotaurocholic  acid.  On  boiling  with 
baryta  it  is  split  up  into  taurine  and  clienocholic  acid,  ^2711440^. 

1288.  Litho/ellic  acid,  C2oH3e04,  resembles  the  cholic  acids  in 
many  respects,  and  gives  Pettenkofer's  reaction.  It  forms  the  diief 
constituent  of  certain  Oiiental  bezoar  stones  (intestinal  concietionB  of 
the  Persian  goat),  from  which  it  can  be  extracted  with  alcohoL  It 
crystallises  in  small  prisms,  insoluble  in  water,  and  melts  at  204^. 
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Chdesterinef  C26H44O. 

1289.  Cholesterine  is  by  no  means  a  constituent  of  the  bile  only, 
bnt  occurs  in  all  cases  where  lecithin  or  its  decomposition  products 
exist,  also  in  the  protoplasma  of  animal  and  vegetable  cells,  in  blood 
and  mjiny  pathological  liquids.  It  occurs  especially  richly  in  the 
brain,  nerve  substance,  and  yolk  of  eggs.  The  most  convenient 
materials  for  its  preparation  are  biliary  calculi,  which  frequently  con- 
sist of  pure  cholesterine.  To  obtain  it  perfectly  pure  it  must  be 
treated  with  alcoholic  potash,  in  order  to  saponify  any  fats,  and  after 
washing  recrystallised  from  hot  alcohol,  or  better  from  a  mixture  of 
alcohol  and  ether. 

Cholesteiine  forms,  large  monoclinic  prisms  or  tables  of  fatty 
feeling ;  the  crystals  contain  one  molecule  of  water,  which  is  evolved  at 
100°.  It  is  destitute  of  taste  and  odour,  melts  at  145°,  and  boils  at 
about  360°,  when  aii*  is  excluded.  It  is  quite  insoluble  in  water, 
difficultly  soluble  in  cold  alcohol,  readily  in  ether  and  acetic  acid.  Its 
solutions  are  Isevorotary. 

Cholesterine  is  a  monacid  alcohol,  O20H43.OH,  and  as  such  is 
probably  homologous  with  cinnamic  alcohol  (§  1091).  On  heating 
with  concentrated  hydrochloric  acid  or  phosphoric  chloride  it  jdelds 

Cholesteryl  chloride,  C26H43CI,  forming  white  needles  soluble  in 
alcohol.  On  heating  with  alcoholic  ammonia  it  is  converted  into 
choleaterylamiJe,  C26H43NH2,  forming  colourless  plates,  melting  at 
104°.  On  heating  cholesterine  to  200°  with  organic  acids,  it  yields 
crystalline  salts,  which  are  difficultly  soluble  in  alcohol.  Cholesteryl 
acetate,  C26H43.O.C2H3O,  melts  at  92°.  The  butyrate,  stearate,  and 
benzoate  have  also  been  prepared.  They  are  saponified  by  potash 
solution,  again  yielding  cholesterine. 

Like  cinnamic  alcohol,  cholesterine  also  unites  with  two  atoms  of 
bromine,  when  solutions  of  the  two  in  carbonic  disulphide  are  mixed. 
On  evaporation  of  the  solvent  cholesterine  dibromide  is  left,  in  the 
form  of  small  colourless  needles ;  it  melts  at  147°,  is  difficultly  soluble 
in  alcohol,  and  on  treatment  with  nascent  hydrogen  loses  both  atoms 
of  bromine,  cholesterine  being  regenerated. 

Concentrated  sulphuric  acid  on  gentle  heating  resolves  cholesterine 
into  water  and  a  mixture  of  colourlass  crystalline  hydrocarbons  of  the 
formula  C26H40,  which  are  distinguished  from  one  another  by  their 
fusing  points  and  solubilities ;  they  are  partly  isomeric  with  one 
another,  but  in  part  also  polymers  of  that  formula. 

In  this  i^eaction  an  intense  red  colour  is  developed,  especially 
at  the  commencement,  which  may  be  used  in  identifying  cholesterine. 
On  long  boiling  with  nitric  acid  cholesterine  is  oxidised  with  forma- 
tion of  volatile  fatty  acids,  which  distil  over  with  water  vapour, 
whilst  cholesteric  acid  is  left  in  the  retort,  the  reaction  being  similar 
to  that  with  cholic  acid. 

Isocholesterine  occurs  together  with  cholesterine  in  that  portion  of 
the  fatty  matters  in  wool  insoluble  in  alcohol.  To  separate  them 
they  are  converte<i  into  benzoates  by  heating  with  benzoic  acid, 
cholesteryl  benzoate  crystallising  in  thick  plates,  whilst  iBocholesteryl 
benzoate  forms  fine  needles.  On  saponifying  the  benzoate  with 
alcoholic  potassic  hydrate,  isocholesterine  is  obtained  in  needles,  melt- 
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hydrochloric  acid.  The  separated  acid  is  dissolved  in  vraxm  alcohol, 
and  this  mixed  with  water  until  turbidity  ensues  ;  after  some  days  the 
acid  crystallises.  The  crystals  are  either  effloresoent  tetragoiuJ 
pyramids,  containing  five  molecules  of  water,  or  prisms  with  one 
molecule  of  water  which  do  not  change  in  air.  ChoUc  acid  is  readily 
soluble  in  alcohol  and  ether,  difficultly  in  water.  Its  solutioDS  aw 
dcxtrorotary  (4-35°).  Of  the  cholates  those  of  the  alkalies  are 
readily  soluble  in  water,  baric  chelate  difficultly  solubley  and  plumbtc 
chelate  is  insoluble  in  water,  but  soluble  in  boiling  alcohol. 

Free  cholic  acid  and  its  salts  give  Pettenkofer's  reaction  very 
readily.  On  fusion  with  alkalies  oils  of  aromatic  odonr  are  evolved, 
whilst  the  residuary  saline  mixture  contains  salts  of  volatile  fiitty 
acids,  acetate,  propionate,  and  butyrate. 

1286.  On  boiling  cholic  acid  with  acids,  or  on  heating  it  for  a  short 
time  at  200°,  it  loses  a  molecule  of  water  and  is  converted  into 

Cholodinic  acid,  C24H3g04.  It  is  a  colourless,  amoiphous, 
resinous  mass,  insoluble  in  water,  soluble  in  alcohol,  which  yields 
amorphous  salts  of  bitter  taste,  soluble  in  alcohol.  On  longer  boihng 
with  acids  or  long  heating  at  200°,  or  more  shortly  at  300°,  another 
molecule  of  water  is  eliminated  and  there  remains 

Dijalyaine,  ^iA^zrflzy  ^  resin  insoluble  in  water  and  alcohol, 
soluble  in  ether,  which  on  long  boiling  with  alcoholic  potassic  hydrate 
dissolves,  being  converted  into  potassic  chelate.  DyslyBine  is  solahle 
in  concentrated  sulphuric  acid,  and  then  gives  Pettenkofer's  tcactioii 
with  a  trace  of  sugar. 

On  long  boiling  of  cholic  acid  with  nitric  acid,  acetic,  butyric,  and 
higher  fatty  acids,  together  with  nitroform,  distil  over,  and  the  retwi 
contains  choloidanic  acid,  CigH2407,  forming  hair-like  prisms  nearly 
insoluble  in  cold  water,  together  with  oxalic  acid  and  the  dihasic 
cholesterinic  acid,  CgHioOs,  which  forms  a  gummy  mass. 

1287.  The  acids  derived  from  pig's  bile  differ  essentially  fix)m  the 
preceding;  only  very  small  quantities  of  the  sulphurised  add  are 
present  together  with  considerable  quantities  of  the  sulphur-free  add. 

lIyoghjcocholi<i  acid,  C27H43NO5,  is  amorphous  and  insoluble  in 
water  ;  its  salts  have  a  bitter  taste. 

Jlj/otaurocholi^  acid,  C27H45NSO6,  has  not  been  sufficiently 
investigated,  as  it  only  occurs  in  small  quantity  and  is  veiy  readily 
decomposed. 

On  boiling  with  acids  or  alkalies  they  decompose  into  glycine  or 
taurine  and 

Hyocholic  add,  C25H40O4,  which  can  be  obtained  with  difficulty 
in  warty  crystals,  and  is  insoluble  in  water,  but  I'eadily  soluble  in 
alcohol.  On  long  boiling  with  acids  it  loses  water  and  is  converted 
into  hyodyslyaine,  CasHsgOs. 

The  bile  of  the  goose  contiiins  principally  chenotaurocholic  acidj 
C29II49NSO6,  homologous  to  hyotaurocholic  acid.  On  boiling  with 
baryta  it  is  split  up  into  taurine  and  chenocholic  acid,  C27II44O4. 

1288.  Litkofellic  acid,  C20H36O4,  resembles  the  cholic  acids  in 
many  respects,  and  gives  Pettenkofer's  reaction.  It  forms  the  diief 
constituent  of  certain  Oiiental  bezoar  stones  (intestinal  concretions  0^ 
the  Persian  goat),  from  which  it  can  be  extracted  with  aloohoL  It 
crystallises  in  small  prisms,  insoluble  in  water,  and  melts  at  204^. 
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Cholesterine,  C26H44O. 

1289.  Cliolesterine  is  by  no  means  a  constituent  of  the  bile  only, 
but  occurs  in  all  cases  where  lecithin  or  its  decomposition  products 
exist,  also  in  the  protoplasma  of  animal  and  vegetable  cells,  in  blood 
and  many  pathological  liquids.  It  occurs  especially  richly  in  the 
brain,  nerve  substance,  and  yolk  of  eggs.  The  mast  convenient 
materials  for  its  preparation  are  biliary  calculi,  which  frequently  con- 
sist of  pure  cholesterine.  To  obtain  it  perfectly  pure  it  must  be 
treated  with  alcohob'c  potash,  in  order  to  saponify  any  fats,  and  after 
washing  recrjrstallised  from  hot  alcohol,  or  better  frt)m  a  mixture  of 
alcohol  and  ether. 

Cholesteiine  forms  large  monoclinic  prisms  or  tables  of  fatty 
feeling ;  the  crystals  contain  one  molecule  of  water,  which  is  evolved  at 
100°.  It  is  destitute  of  taste  and  odour,  melts  at  145°,  and  boils  at 
about  360°,  when  air  is  excluded.  It  is  quite  insoluble  in  water, 
difficultly  soluble  in  cold  alcohol,  readily  in  ether  and  acetic  acid.  Its 
solutions  are  Isevoi^otary. 

Cholesterine  is  a  monacid  alcohol,  C20H43.OH,  and  as  such  is 
probably  homologous  with  cinnamic  alcohol  (§  1091).  On  heating 
with  concentmted  hydrochloric  acid  or  phosphoric  chloride  it  yields 

Cholesteryl  chloride^  C26H43CI,  forming  white  needles  soluble  in 
alcohol.  On  heating  with  alcoholic  ammonia  it  is  converted  into 
cholesterylamide^  C26H43NH2,  forming  colourless  plates,  melting  at 
104°.  On  heating  cholesterine  to  200°  with  organic  acids,  it  yields 
crystalline  salts,  which  ai*e  difficultly  soluble  in  alcohol.  ChoUsteryl 
acetate,  C26H43.O.C2H3O,  melts  at  92°.  The  butyrate,  stearate,  and 
benzoate  have  also  been  prepared.  They  are  saponified  by  potash 
solution,  again  yielding  cholesterine. 

Like  cinnamic  alcohol,  cholesterine  also  unites  with  two  atoms  of 
bromine,  when  solutions  of  the  two  in  carbonic  disulphide  are  mixed. 
On  evapoi-ation  of  the  solvent  cholesterine  dibromide  is  left,  in  the 
foim  of  small  colourless  needles  ;  it  melts  at  147°,  is  difficultly  soluble 
in  alcohol,  and  on  treatment  with  nascent  hydrogen  loses  both  atoms 
of  bromine,  cholesterine  being  regenerated. 

Concentrated  sulphuric  acid  on  gentle  heating  resolves  cholesterine 
into  water  and  a  mixture  of  colourlass  crystalline  hydrocarbons  of  the 
formula  C26H42,  which  are  distinguished  from  one  another  by  their 
fusing  points  and  solubilities ;  they  are  partly  isomeric  with  one 
another,  but  in  part  also  polymers  of  that  formula. 

In  this  reaction  an  intense  red  colour  is  developed,  especially 
at  the  commencement,  which  may  be  used  in  identifying  cholesterine. 
On  long  boiling  with  nitric  acid  cholesterine  is  oxidised  with  forma- 
tion of  volatile  fatty  acids,  which  distil  over  with  water  vapour, 
whilst  cholesteric  acid  is  left  in  the  retort,  the  i-eaction  being  similar 
to  that  with  cholic  acid. 

fsocholesterine  occurs  together  with  cholesterine  in  that  portion  of 
the  fatty  matters  in  wool  insoluble  in  alcohol.  To  separate  them 
they  are  converted  into  benzoates  by  heating  with  benzoic  acid, 
cholesteryl  benzoate  crystallising  in  thick  plates,  whilst  isocholesteryl 
benzoate  forms  fine  needles.  On  saponifying  the  benzoate  with 
alcoholic  potassic  hydrate,  isocholesterine  is  obtained  in  needles,  melt- 
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Pi':«^:w  peE.'.AecLuriie  ocitiweru  h   into   f^.^AoJac 

1190.  Tbe  bCe  is  aIvav?  iLtf&se&j  eojoored,  floiiketiiDflK  0 
f€Fj*«IlT  ^th  bipis ..  sGimeczzzKS  zreenish  broim  foot  gmll  II  ^»yi  fin 
Iri^t  j-IIo^-  Vj  4*p  bro»Ti  <wisii  pi^s  mud  homan  fade).  1 
colounn^  (x^jceeiis  mjkfrir  frosi  rvo  pigments — tbfr  green  hilmt 
MtA  xht  reii'brovn  h'ilir*Mr\.  Ocbcr  pigments  are  foand  in  si 
qTaandtj  in  krmuui  bilurr  c&IcolL 

All  bile  pigments  ooctun  nhroeen.  are  insoluble  in  wmter  soli 
in  a^ueoos  alkjdieB,  and  when  treated  with  nitrcKis  acid  eive  a  se 
of  oolotin,  which  are  especiallv  complete  in  the  case  of  biliml 
with  which  the  yellowish  red  solutioa  is  coloared  first  srcen,  t 
bine,  riolet,  mbj  red,  and  finallT  dirtj  yellow  (Gmelin's  ooloor 
action). 

These  oolooring  matters  are  most  readfly  obtained  from  hux 
biliary  calculi  These  are  powdered,  treated  with  ether  alcohol  a 
all  choleffterine  is  remove<l,  then  treated  with  hjdxochloric  add 
order  to  decompose  the  calcium  compomid  of  the  pigment  contaL 
in  the  calculi,  then  waished  with  water  and  dried.  The  result 
powder  is  extracted  with  chloroform  as  long  as  any  colon rJTig  mni 
dijisolTes,  and  the  filtered  chloroform  solution  evaporated.  The  dn 
residue  now  yields  hiUfuicin  to  boiling  alcohol,  whilst  the  resid 
hilinMn  is  purified  by  solution  in  chloroform,  precipitation  by  alcol 
and  final  recrystallisadon  from  chloroform. 

That  portion  originally  insoluble  in  chloroform  yields  bilipm. 
to  boiling  alcohol ;  the  residue,  afW  renewed  treatment  with  chlo 
form  to  remove  the  la^  traces  of  bilirubin,  consists  of  bUiAumin, 

BUivtrdin  can  only  be  prepared  in  a  state  of  parity  from  b 
mbin. 

Bilirubin  is,  without  doubt,  a  definite  chemical  compound,  as  a 
is  biliverdin ;  biliprasin  and  bilifuscin,  on  the  oonti&rv,  ate  i 
sufficiently  well  characterised  as  such.  Bilihimiin  is  certainly 
mixture. 

1291.  1.  -^i/trMZ^mjC'igHigNjOa,  crystallises  from  chloroform 
brownish  red  tables,  little  soluble  in  alcohol  and  ether,  more  read 
in  chloroform  and  benzene ',  it  is  also  readily  soluble  in  solutions 
alkaline  hydrates  and  of  ammonia.  The  intensity  of  its  colouri 
power  is  very  great  in  solution ;  when  only  sit^jhs  is  present 
layer  1*5  cm.  thick  is  still  distinctly  yellow.  Tlie  ammoniai 
solution  gives  dark  brown  amorphous  precipitates  with  calcic  chlorii 
plumbic  acetate,  and  other  metallic  salts ;  in  these  compounds  o 
hydrogen  atom  has  been  replaced  by  metal,  e.g.  (Ci6Hi7N203),Ca.  < 
addition  of  sodium  amalgam  to  an  alkaline  bilirubin  solution  t 
colour  is  considerably  lightened ;  addition  of  hydrochloric  acid  th 
precipitates  brown  flocks  of  ht/drchbUirubin,  which  appears  to 
identical  with  urobilin^  the  brown  colouring  matter  of  urine. 

2.  Biliverdin,  CigHjoNjOs.     Alkaline  solutions  of  bilirubin 
exposure  to  air,  especially  on  heating,  absorb  oxygen  and  acquire  ; 
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intense  green  colour.  On  supersaturating  with  hydrochloric  acid, 
biliverdin  is  precipitated  as  a  fine  green  mass;  it  is  insoluble  in 
chloroform,  but  soluble  in  alcohol.  •  The  formation  of  biliverdin  is 
probably  represented  by  the  equation  : 

CjeHj^KNA  +  H2O  +  0  =  Ci6H,9KNA. 

3.  liilifuscinf  C16H20N2O4,  and  bUiprasiny  C16H22N2O5,  are 
described  as  nearly  black,  shining,  brittle  masses,  insoluble  in  ether 
and  chloroform,  soluble  in  alcohol  and  alkalies. 


:  vyiv. 


Mhrjrpr.'y'.^.  i.'.'i  si:  ctji,-^::;  tE'.roK^i;  ii  »l-lidc>; 
•fi'l  'iiy.il!'..  :.-.  !:.'.-•.  rase:  .-Ip-.  :-  il->.  Acca 
*■«  V>*:;i  obviir-ed  for  tiLv  "if  tL-r^  brjdl«4.  1 
'j^Ahir.'d  i".  if!  fxTA-h  -l-fcr  iLrir  E.-.lj*nl-^  are  t< 
<y>nipliraiv>l  v.ric*/ir*.  Il  Jzrv-L.eii'.  with  thi 
Uiro'i^rh  Ki ':.'.-. '.I*!,'  ■.  ri;,'l  sirt  r^a^Iiij'I'woaiposa: 
bfsaciiilf  ■*>Ji  ;i'ji'- -i.-  wrM-  '.r  &lKiLli->s.  Am 
tiwM: 'I'jCiffiji'^.i'.i'.'.i?  fL'jre  'jCCTir  r-^^ilartr  ami 
ri^'Ktiv':.  'jf  ortpini';  ri'ic:-!,  .^'Krii  a*  Rlycocine, 
IfluUiiii';  ■.te'.ii,  uiii]  t;.-r<.-iii<;.  On  "liy  'iUtillatic 
imiiiii;  anil  [irvri'iii.<:  )«■•»  in  iciJitioD  xa  am 
with  iiiH)i'j-.<iiic  iixi'lii  und  -ii'ptinric  acid  thej 
ffXJrliiti'jii  [iriyliictM,  aiiiOb^Mt  uliich  there  occai 
mti'Ih,  fi-iirii  foriiiic  aci']  ■i|>varls.  bi^-ther  with 
nitril-,  Urii»l(l<-li)<I»,  l.<rnB.ic  ati.l/  ic.  The 
Hiiliilili!  ill  wkt<T  lutve  witlioiit  i^xtejition  an  acii 
tliny  uiv:  all  [ii'i«][nbit^l  liy  tannic  ucid,  neai-ly 

(jEUkTlSOlH  Jl^HVE^   AVD  GeU 

1283.  Tli(!  f^tUtinonN  tis^ups  occur  only  in 
anil  tt-re  irjvarialily  organiM-i! ;  they  nre,  a>i  niicl 
wann  watiir,  hut  Nwcll  uji  nli^htly  ami  ihen  put 
(if  tiiiiiiirjH  n'ri'liT  them  iiitei]iitl>]i;  of  putrcE 
thoni  iiilH  U'llh'r.  On  iiiiii;  l)oiliiip  with  wat 
iiili>  iji'UillwK,  whittu'  hot  scilntiiin.-i  nti  cooling  1 
M  hoiiioKfiicjiiM  Jiilly.  'riiis  jnlly  dries  on  ex 
tin >•>■■] ihoLiK  tninH]MLn:nt  or  Ketnitiiinnparcnt  bri 
hwi-IIh  ii|>  ill  n)M  wal^r  ;  tlit^y  arc  not  disKolvct 
lKiilinf(  ol'  Lh(;  ft(]iiiy>uit  iiulutii>n!t,  more  quickly  1 
tniim  of  ITid"  iiiir]  itUivn,  they  lose  the  propo 
(KHiling.  On  <'V[i]Niiiition  Ihny  thon  yield  a  mi 
in  tiiiiHt  jimjiri'ti'v,  lint  iiiiKlily  dissolved  by  cole 

Ii'ioni  thi-ir [ii-opii-tirH  two  viirieties of  gelatin 
(ilioii'lritin  aixl  Klu^i'X't  tint  tiHHncs  from  which  t 
nw[MH;tivc^ly  d<wif!;nftt«I  m  ehrmihoiifn  and  coSnj 
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Chandrogen  cmd  Ckondrin, 

1294.  Bone  cartilaf^e  previous  to  ossification,  and  therefore  also  the 
bony  structure  of  the  animal  foetus,  consists  essentially  of  chondrogen. 
It  is  also  found  in  the  cornea  of  the  eye,  and  in  all  permanent  cartilage, 
&c.  It  is  purified  by  treating  the  cartilage  with  cold  water,  dilute 
acids,  alkalies,  alcohol,  and  ether,  and  then  appears,  after  drying,  as  a 
structureless  semitransparent  mass. 

On  boiling  the  cartilage  of  the  ribs  for  12-24  hours  with  much 
water,  ckondrin  goes  into  solution  and  gelatinises  on  cooling,  and  is 
precipitated  by  addition  of  alcohol.  It  is  Isevorotary.  Alkalies  or 
ammonia  readily  and  completely  dissolve  chondrin  jelly ;  the  solution 
then  possesses  an  enormous  optical  activity  :  [a]  =  —  552°. 

Addition  of  acetic  acid  or  of  traces  of  mineral  acids  precipitates 
dissolved  chondrin,  but  a  very  slight  excess  of  the  latter  redissolves 
it.  Chondrin  behaves  similarly  with  alum  solution.  It  is  precipi- 
tated completely  by  chlorine  water,  plumbic  acetate,  and  argentic 
nitrate,  only  incompletely  by  mercuric  chloride. 

Boiling  hydrochloric  acid  or  gastric  juice  at  blood  heat  decompose 
chondrin  into  a  nitrogenous  substance,  which  still  requires  examina- 
tion, and  a  l»vorotary  substance,  which  reduces  alkaline  copper 
solutions.  On  boiling  with  sulphuric  acid  much  leucine  is  formed, 
but  no  glycine. 

After  subtraction  of  the  ash  left  on  combustion,  chondrin  con- 
tains  50  %  C,  66  %  H,  144  %  N,  0-4  %  S,  and  28-6  %  0. 

The  gelatinous  substance  from  the  vertebrae  of  fish  behaves 
similarly  to  chondrin  except  that  it  does  not  gelatinise. 

Collagen  and  GhUine  or  GekUine. 

1295.  CoUagen,  the  substance  yielding  gelatine,  forms  the  hyaline 
intracellular  mass  of  the  connective  tissues,  of  the  skin,  sinews,  <irc., 
and  also  the  organic  portion  of  bones.  On  boiting  with  water,  ossein 
dissolves  more  reivdily  than  chondrogen,  being  converted  into  glutine, 
which  in  the  dry  state  forms  glue,  when  in  a  state  of  greater  purity 
is  termed  gelatine.  The  latter  is  chiefly  prepared  from  the  swimming 
bladder  of  fishes  (sturgeon).  A  hot  aqueous  solution  containing 
only  one  per  cent  of  glutine  still  gelatinises  on  cooling. 

Glutine  is  readily  dissolved  by  adds,  including  acetic,  forming 
liquid  glue;  aqueous  alkalies  also  dissolve  it.  Unlike  chondrin, 
glutine  solutions  are  not  precipitated  by  normal  or  basic  plumbic 
acetate,  but  are  completely  by  mercuric  chloride  and  also  by  tannic 
acid. 

Glutine  is  also  Isevorotary:  [a]  =  —  130°  at  30°  temperature. 
On  decomposition  with  dilute  acids  it  yields  glycocine  and  leucine. 
Whilst  containing  nearly  an  equal  amoimt  of  carbon  and  hydrogen 
to  chondrin,  glutine  contains  essentially  more  nitrogen  (18*3  %),  the 
oxygen  being  correspondingly  less. 

1296.  Sericine,  or  silk  gelatine,  may  be  included  amongst  these 
bodies,  as  it  possesses  the  power  of  gelatinising  in  a  very  high  degree ; 
it  is  obtain^  firom  raw  silk  by  long  boiling  with  water.  It  is  de- 
composed by  boiling  dilute  sulphuric  acid,  with  formation  of  a  little 
leucine,  about  5  %  tyrosine  and  10  %  serine  (§  803). 

3o 
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AlBUMUiOn)  SUBSTAKCES. 

1297.  The  albuminoids  differ  but  little  from  one  another  in  eom- 
porition.     After  dedacting  ash  they  contain — 

C  =  50-6  —  54-3 
H=  6-7—  7-3 
N  =  12-8  —  18-4 
8=  -4—  1-7 
O  =  20-6  —  26-8. 

Their  formuljs  must  therefore  be  yery  complex,  as  finom  the  per- 
centages given  above  there  must  be  to  1  atom  of  snlphnr  about  70 
to  over  300  atoms  of  carbon  and  aboat  110  to  over  600  atoms  of 
hydrogen.    Only  the  tme  albumins  are  soluble  as  saeh.  in  water,  ihe 
others  only  being  rendered  solnble  by  aid  of  small  quantities  of  ^<ig, 
bases,  or  salts,  with  which  they  form  transient  oampounda.     In 
addition  to  these  solnble  modifications  they  can   be   conTerted  in 
different  ways  into  insoluble  or  'coagulated'  modificatioiiBL     Then 
latter  are  insoluble  in  water,  and  as  a  rule  in  salt  aolntioiis  also; 
alkalies  and  acids  redissolve  them  with  difficulty.     The  ^^n^mm 
into  the  insoluble  modification  ensues  either  by  heating,  actaon  of 
ferments,  or  long  standing  under  strong  alcohol,  and   appeazs  to 
depend  on  the  formation  of  more  complicated  molecules,  acoompaoied 
by  elimination  of  water.    The  action  is  therefore  probabl  j  companUs 
to  the  formation  of  anhydride  molecules  from  several  simpler  hydiafted 
molecules.     These  anhydride  coagulated  molecules  wiU   then  ofier 
greater  resistance  to  the  solvent  action  of  acids  and  Alfa>l^ftff^  ^a  tiief 
must  be  first  hydrated  and  decomposed  into  the  simpler  molecokB 
(hydrolysis). 

Every  albuminoid  can  be  brought  into  solution  by  the  action  of 
alkab'es  or  acids,  especially  of  hydrochloric  add.  The  resulting 
alkali  compoimds  are  termed  albuminates ;  the  acid  derivatives,  add 
albumins  or  si/ntanins^  At  first  there  is  no  permanent  alteration 
effected  by  this  means  on  the  non-coagulated  modifications,  inasmudi 
as  on  neutralisation  both  the  albuminates  and  acid  albumins  again 
yield  the  original  albuminoid  substance  with  unaltered  properties. 

On  long  continuance  of  the  action,  greater  concentration  of  the 
reagents,  and  simultaneous  action  of  heat  (especially  in  the  case  of 
the  coagulated  albumins)  decompositions  readily  ensue,  in  which  all 
albumins  yield  leucine,  tyrosine,  and  aspartic  acid  (the  vegetable 
albumins  also  yielding  glutamic  acid),  and  invariably  lai^r  quantitiea 
of  unciystallisable  compounds  of  unknown  nature. 

129o.  These  decompositions  occur  with  especial  ease  on  boiling 
with  moderately  dilute  sulphuric  acid,  and  also  with  solution  of 
potassic  hydrate.  The  relative  yield  of  products,  roughly  determined, 
shows  considerable  variations.  For  instance,  on  heating  with  sul- 
phuric acid  (one  part  H2SO4  and  four  parts  OH,)  there  are  ob- 
tained— 

Tyrosine. 

1% 
1 

2 

None 

Little 


From 
Egg  albumin 
Myosin    .     . 
Fibrin     .     . 
Mucedine  1 
TiOgnraine  / 
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4-12% 
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%> 
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Little  or  none. 
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•On  heating  albuminoids  with  an  equal  quantity  of  bromine  and 
ten  times  as  much  water  in  closed  vessels,  the  formation  of  carbonic 
anhydride,  bromoform,  brom-acetic  add,  oxalic  acid,  aspartic  acid. 


Bromo- 

r       ^  -^^  -^^  -^^  m     mm^ 

Brom- 

Oxalic 

Aspartic 

Brom- 

form. 

acetic  Acid. 

Acid. 

Acid. 

Leucine. 

anil. 

Egg  albumin    .     30 

22 

12 

23-8 

22-6 

1-5 

Plant  albumin      39 

17 

18-5 

231 

17-3 

1-4 

Casein    ...     37 

22 

11 

9-3 

19 

•3 

Legumine    .     .     45 

26 

12-5 

14-5 

18 

1-4 

The  decomposition  of  albuminoids  by  solutions  of  alkalies  yields 
similar  products  to  those  obtained  with  sulphuric  add.  The  forma- 
tion of  an  alkaline  sulphide  is  peculiar  to  them,  so  that  the  liquid 
evolves  sulphuretted  hydrogen  on  addulation,,and  yields  a  black 
precipitate  of  plumbic  sulphide  on  addition  of  a  lead  salt. 

When  moist  the  albuminoids  putrefy  with  very  great  ease, 
probably  in  consequence  of  the  presence  of  ferment-like  organisms, 
with  which  as  a  matter  of  fact  the  putrefying  mass  swarms.  There 
are  then  formed  hydrogen,  sulphuretted  hydrogen,  carbonic  acid, 
ammonia,  trimethylamine,  ethylamine  and  its  homologues,  and 
in  union  with  these  members  of  the  series  of  fatty  acids,  firom  acetic 
up  to  valeric  acid,  and  also  leucine  and  tyrosine. 

On  heating  with  much  water  to  150°  all  albuminoids,  even  the 
coagulated  modifications,  are  converted  into  readily  soluble,  non- 
coagulable  substances,  without,  however,  suffering  such  decomposi- 
tions as  attend  the  action  of  acids  and  bases. 

1299.  The  albuminoids  show  the  following  reactions,  which  are 
used  for  their  identification : — 

The  aqueous  saline,  or  very  weakly  acid  or  alkaline,  solutions  are 
predpitated  in  flocks  by  tannic  acid  and  by  salts  of  the  heavy  metals 
(e.g.  lead,  copper,  mercury,  &c.),  and  in  most  cases  also  by  addition  of 
alcohol. 

Concentrated  acetic  add  and  tribasic  phosphoric  acid  dissolve  all 
the  albuminoids.  The  acetic  solution  after  dilution  is  predpitated  by 
potasdc  ferro-  or  ferricyanide  or  by  potassic  platino-cyanide. 

Concentrated  hydrochloric  acid  dissolves  all  albuminoids.  On 
exposure  to  air,  especially  on  boiling,  this  solution  acquires  a  blue  or 
bluish  violet  colour. 

Strong  nitric  acid,  espedally  that  containing  nitrous  add,  colours 
them  intensely  yellow.  The  resulting  nitro  compounds  dissolve  in 
alkalies  and  ammonia  with  intensely  reddish  brown  colour,  and  on 
addition  of  mineral  adds  to  these  salts  are  repredpitated  in  flocks. 
These  nitro  products  are  known  as  xanthoproteic  acids, 

A  solution  of  nitrate  of  mercury  containing  nitrous  add  (Millon's 
reagent,  formed  by  dissolving  1  i»rt  of  mercury  in  1  part  of  cold 
nitric  acid,  and  afterwards  diluting  with  2  'parts  of  water)  gives  a  fine 
red  colour  with  albuminoids,  prol^bly  from  the  formation  of  mercury 
xanthoproteinato. 

On  passing  chlorine  gas  into  solutions  of  the  albuminoids,  white 
flocculent  predpitates  are  formed  of  chlor  substitution  products,  contain- 
ing from  6*5  %  to  14  %  of  chlorine,  according  to  the  duration  of  the 
action.     These  dissolve  in  aqueous  ammonia  with  formation  of  am- 
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UOOl  AlbomiAObi^  v^Ssr  %  pecnliir 
Mdor.  of  js»itne  joSk;  xhej  ^SKtrt  in.  h  tt  blood 
qokklj,  hms  fine  conTert^fi  inv/  ahal  alboiuiia^ 
Hmsmt  f ^fifiaon  aire  iohibie  in  wftao'.  ^re  preeqiiftn«Bd  by 
miKfa  KTQOg  alfiobol,  bat  c<it  bj  MldiaoD  of  Mii&.  alknfii 
acid  Ai^  yAMBC  fterroeymokie ;  tfae^  ^renac  coQ^eiujJ  infca  rnacilrtn! 
modificktkui,  mud,  unlike  tise  ^IbomiDcwk.  are  Kighhr  ^fftmbfe.  IW 
pcfptoDCs,  therefore,  ^ppeatf'  to  doe^  resemble  die'  fudttcto  of  ife 
acdoD  of  X  tempermmre  of  \^r  on  albammoids  and  vmtes;  «^  m 
the  forms  in  wbicli  the  albandnoids  of  the  food  oomr  in  tiie  ambl- 
ing joieei  of  the  Animal  body. 

AUmmimM, 

UOL  Albamins  occur  disBolred  in  aD  animal  or  TCgetable  raioei» 
and  cm  beating  the  natural  solutions  are  conTcrted  into  the  ooagukfeMi 
modifications,  forming  floeealent  depodte  from  dflate  solatioi^Yhilst 
eoooentrated  liquids  solidify  to  a  white  opaque  elastic  »"*«ff  sodi  as 
the  white  of  eggs.     The  temperature  of  coagulation  lies  at  70^-73°. 

Albnmin  solutions  are  not  precipitated  by  additi(»i  of  «»*n 
quantities  of  dilate  adds,  alkaline  carbonates,  aodic  chlonde,  or  other 
alkaline  salts  in  not  too  concentrated  solntiony  whUst  solnUe  sahs  of 
the  heayj  metals  generally  prod  ace  predpttates.  Concentnted 
hydrochloric  acid  prodaces  a  precipitate,  di^lvin^  <tgain  in  kige 
excetiH  with  formation  of  acid  albamins,  a  violet  colour  soon  appearing. 
Btrong  nitric  and  metaphoKphoric  acids  also  precipitate  the  albamins, 
whiUtt  acetic  acid  and  tribasic  phosphoric  acid  do  not. 

Alcr>hol  precipitates  the  natural  albumins ;  if  the  liqnid  is  poai«d 
off  quickly,  the  precipitate  can  be  redissolved  in  pore  water,  whilst 
long  contact  with  alcohol  leads  to  the  formation  of  the  ooagolated 
modifications. 

Concentrated  solutions  of  the  alkaline  hydrates  convert  strong 
albumin  solutions  into  stiff  jellys  of  alkali  albuminatee,  which  are 
soluble  in  pure  water.  The  acid  and  alkali  albuminates  no  longer 
contain  unaltered  albumins,  as  they  are  precipitated  on  neutralisatioD. 

1902.  Egg  albuminy  as  a  concentrated  solution,  forms  the  white 
of  Inrdi^  eggs.  From  this  it  can  be  prepared  by  dilution  with  mudi 
water  and  filtration,  when  a  nearly  clear  solution  is  obtained,  whidi  (m 
evaporation  at  temperatures  below  50°  yields  a  yellowish  transparent 
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brittle  mass,  of  sp.  gr.  1*314.  Some  fat  can  be  extracted  from  this 
by  treatment  with  ether.  In  water  it  first  swells  up  imd  then  dissolves 
to  a  clear  liquid.  The  specific  rotary  power  of  aqueous  solution  of 
egg  albumin  for  yellow  light  is  —  35*5°.  The  precipitate  formed  by 
strong  nitric  add  is  either  difficultly  soluble  or  insoluble  in  excess. 
Ether  precipitates  concentrated  solutions  of  egg  albumin. 

1303.  Serum  albumin  occurs  in  all  the  liquids  of  the  animal  body, 
but  is  best  obtained  from  the  serum  of  blood,  by  dilution  with  twenty 
times  its  volume  of  water,  precipitation  of  the  globulin  by  passing 
carbonic  anhydride,  and  evaporation  of  the  filtrate  below  50°.  It 
closely  resembles  egg  albumin,  but  possesses  a  dififerent  rotary  power 
for  yellow  light  =  —  56°.  Ether  does  not  coagulate  its  solutions. 
The  precipitates  formed  by  nitric  or  hydrochloric  acid  dissolve  much 
more  readily  in  excess  of  acid  than  is  the  case  with  egg  albumin. 

The  elementary  composition  of  both  varieties  of  albumin  shows 

but  little  difference. 

C  H  N  8  O 

Egg  albumin    .     .     .        53-4  7-0  15-6  1-6  22-4 

Serum  albumin     .     .        530  71  15-6  1'2  23-1 

From  these  values  the  formula  CyaHnsNigSOaa  is  derivable,  but 
must  be  received  with  great  caution.  The  composition  of  the  arti- 
ficially prepared  potassic  albuminate  corresponds  to  the  above  formula 
+  2K0H. 

1304.  Vegetable  albumin  occurs  in  all  vegetable  juices,  mostly  in 
only  small  quantity ;  it  has  not  yet  been  obtained  in  a  state  of  purity 
in  the  soluble  condition,  but  it  shows  the  general  properties  of  the 
albumins.  It  difiers  in  composition  from  egg  albumin  in  the  amount 
of  nitrogen  (15*49-17*6  %,  according  to  the  source)  and  the  leas 
amount  of  sulphur  (•76-1*55  %). 

Globulins. 

1305.  The  globulins  resemble  the  albumins  in  the  coagulability 
of  their  saline  solutions  on  boiling,  but  differ  from  them  very  essen- 
tially in  that  they  are  insoluble  in  pure  water  though  soluble  in  water 
containing  1-10  %  of  sodic  chloride.  Dilute  acids  readily  convert 
them  into  syntonins  (even  1  part  of  acid  per  1,000  being  sufficient), 
whilst  very  dilute  alkalies  dissolve  them  similarly  to  alkali  albumi- 
nates, the  coagulated  modifications,  however,  being  very  difficultiy 
soluble,  and  insoluble  in  common  salt. 

The  acid  globulins  are  separated  from  their  solutions  by  addition 
of  concentrated  hydrochloric  acid  or  of  strong  salt  solutions.  Their 
specific  rotary  power  is  very  considerable,  —  72°  in  the  case  of  myosin- 
syntonin. 

1306.  ViteUi/n, — The  yolk  of  birds'  eggs  consists  of  a  concentrated 
solution  of  vitellin,  together  with  lutein  (a  yellow  pigment  which  is 
soluble  in  ether  and  cr3rstallisable),  lecithine,  some  salts,  and  much  fat. 
A  very  similar  substance  to  vitellin  occurs  in  the  crystalline  lense  of 
the  eye.  To  obtain  vitellin  the  yolk  of  eggs  is  shaken  with  fresh 
quantities  of  ether  until  this  latter  no  longer  acquires  any  colour ;  the 
residue  is  then  dissolved  in  a  solution  of  common  salt  (1  %),  the 
liquid  filtered,  and  the  vitellin  precipitated  by  a  large  addition  of 
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pr.  Yrc«iliB  is  ef»zajaX/ed  on  hnrmg  (mt  mbaat  70^)  W  aUtion 
fA  it'jcrkj'A,  or  of  strong  Mi*i&.  bot  a  ooc  predpitsted  b^  adfitian  </ 
lead  or  coc^per  aihe  to  hs  sodic  dijoride  sohmon,  nor  is  it  |mw  ijiu^H 
br  ataruon  of  its  sohitioQ  with  8od5e  diknde. 

1907.  Jiyotim  forms  the  chief  eaosdtagBt  ai  die  made  pluai 
eDcloeevi  in  the  gtrrriptfiw^  tubes  of  mmmlar  fibre.      In  the  Inii^ 
mTBcie  it  ocean  in  the  liquid  sukte,  canfles  pBrtoIiy  and  txaxmtank 
At  e^vrj  m^sralar  eontncdon,  oompleteiT  Aartlr  after  death,  vhn 
the  r^'TT  moriU  sets  in.    This  coidHng  is  not  a  tme  coagidatiQB.  To 
pr^fiare  myosin,  finelj  divided  flesh  is  extracted  vith  a  ten  per  sbbL 
solution  of  sodic  chlonde.  and  the  filtered  sfimj  liqiiid  fuifsisffMl  If 
nihtaration  with  eommon  salt  (distinction  from  vitellin).     The  iot- 
colent  precipitate  is  then  ODllected.  washed  witk  a  aattmted  aofaitiaBQf 
comoyjn  ssJt,  azid  finally  dissohed  by  addition  of  math,  a  qmstitrd 
water  that  a  10  %  soladon  of  ooDUoon  ssH  reBolt&    It  is  prseqatsted 
bj  large  dilution  with  water,  bat  with  more  difficnltj  than  in  diease 
of  vitellin.     It  is  qoickly  coagulated  by  ^**^*™g  ^th  water  or  hj 
sddition  of  alcohol 

ia06.  GMmlin  of  tke  Bicod  and  </ Oe  SerouM  ZiquidM^-^Gki^ 
oocors,  together  with  albomin  and  albaminatesy  in  thediyle^  inljn^ 
in  blood  and  all  serous  liquids ;  in  many  of  tlwBe  ]]q[aidB  it  oecon  ii 
large  quantity,  and  these  ooegiilate  when  no  kx^er  in  oontset  vidi 
liring  tussoes,  with  formation  of  fibrin,  prohaUy  finosn  the  mucnof 
two  different  modifications  of  globulin— /S&rtna^en  and  JShmmpktiic 
mAttances — that  which  was  originally  in  ezoeoB  then  remsiiuBg 
partly  in  solnt>on« 

^n^e  fibrinogen  substance  (firequently  spoken  of  as  globmlm)  ocean 
in  all  serous  liquids  (pericardial  liquid,  hydrocele,  dxu),  the  fibm- 
oplasdc  substance,  or paraglcbulin^hn  blood  serum  (the liquid  remiis- 
ing  after  the  fibrin  and  blood  corpuscles  have  been  aepamled  firos 
blood),  in  the  aqueous  humor  of  the  eye,  ^c. 

To  prepare  globulin,  the  respectiTe  liquids  are  mixed  with 
about  twenty  times  their  Tolume  of  pure  wat^*,  and  carbonic  icid 
then  passed  for  a  long  time  throu^  the  liquid.  The  ^obolin 
separates  in  flocks,  which  are  dissolved  to  a  dear  liquid  by  a  1-10  % 
K^/lution  of  8odic  chloride.  On  mixing  solutions  of  the  two  varieties 
together,  fibrin  is  formed  and  separates.  The  whole  difierence  between 
the  two  modifications  is  that  paraglobulin  is  rather  more  readih 
precipitated  from  its  dilute  solutions,  and  easily  loses  the  power  of 
giving  fibrin  with  globulin.  The  latter  only  loses  its  power  of  unitisg 
with  [laraglobulin  very  slowly  at  ordinary  temperatures^  scaro^ 
until  putrefaction  commences. 

1309.  Fibrin  is  the  product  of  the  action  on  one  another  (udiod) 
of  the  two  globulins  just  mentioned.  It  commences  as  soon  as  tbeir 
oommon  solutions  are  out  of  contact  with  living  tissne.  The  precipi- 
tation of  fibrin  can,  however,  be  hindered  by  certain  salts,  sudi  tf 
Glauber's  salts,  or  by  reduction  of  the  temperature  to  0®  ;  on  the  othff 
hand,  it  may  be  accelerated  by  violent  agitation  of  the  solutions. 

If  the  blood  just  ft-eshly  drawn  from  an  artery  is  mixed  with  | 
of  its  volume  of  sodic  sulphate,  and  allowed  to  stand  qtiietly,  the  Uood 
corpuscles  form  a  red  deposit  at  the  bottom,  and  a  cdear  y^v* 
coloured  liquid  is  left — a  solution  of  blood  plasma  with  sodic  sulphate. 
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On  largely  diluting,  fibrin  separates.  Pure  blood  plasma  is  best 
obtained  from  horse's  blood.  This  is  quickly  cooled  to  0°,  and  allowed 
to  stand  about  one  hour  at  this  temperature ;  after  the  blood  corpus- 
cles have  settled,  the  supernatant  clear  yellow  plasma  is  poured  off. 
At  a  few  degrees  above  0°  it  coagulates  to  a  thin  jelly,  which  soon 
shrinks  together,  whilst  serum  separates.  This  behaviour  is  also 
shown  by  the  blood  of  all  the  higher  animals  still  containing  the  blood 
corpuscles  in  suspension,  but  the  separated  fibrin  carries  the  blood 
corpuscles  with  it,  and  so  forms  the  red  blood-clots. 

Coagulated  fibrin  can  readily  be  obtained  pure  by  vigorous  whip- 
ping of  fi'esh  blood  with  a  bundle  of  twigs ;  it  then  separates  in  a 
fibrous  state,  and  can  be  freed  from  the  blood  corpuscles  by  long-con- 
tinued kneading  undei*  water. 

These  fresh  white  and  elastic  flocks  of  fibrin  are  very  quickly 
digested  by  the  gastric  juice ;  they  swell  up  in  very  dilute  hydrochloric 
acid  (1 :  1000),  or  in  not  too  dilute  solutions  of  sodic  chloride,  potassic 
nitrate,  and  other  alkali  salts,  forming  a  shiny,  jelly-like  mass.  The 
flocks  shrink  in  concentrated  hydrochloric  add,  and  only  dissolve  later 
with  violet  coloration.  Oxygen  is  readily  absorbed  by  fresh  fibrin, 
carbonic  anhydride  being  evolved  and  putrefetction  soon  ensuing; 
hydric  peroxide  is  energetically  decomposed  with  rapid  evolution  of 
oxygen. 

Strong  alcohol  on  heating  completely  coagulates  fibrin,  which  con- 
tracts, and  in  the  dry  state  forms  a  horn-like  mass,  whidi  no  longer 
shows  the  above  properties. 

1310.  After  subtraction  of  the  ash  the  globulins  have  the  follow- 
ing compo6i.tion : — 

C  H  N  8  O 

ViteUin  .  .  62-8  7-3  16-4  1-2  223 
Myosin.  .  .  534  M  153  12  230 
Blood  fibrin    .        52-6        7-0        17-4        1-2        21-8 

Natural  Alkali  AlbuminatM,' 

1311.  Casein  only  occurs  largely  in  the  milk  of  the  mammalia,  in 
slight  quantity  in  yolk  of  eggs,  in  blood  and  other  animal  liquids.  It 
is  insoluble  per  se,  occurring  in  these  liquids  as  an  alkali  albuminate, 
and  is  precipitated  on  neutralising  the  alkali  by  dilute  add  (as  in  the 
curdling  of  milk  by  the  formation  of  lacUc  add)  or  by  the  fermentive 
action  of  rennet,  the  dried  inner  stomach  of  the  calf.  These  predpi- 
tations  are  only  quite  complete  in  the  absence  of  phosphates  of  the 
alkalies.  It  is  precipitated  as  albuminate  by  addition  of  readily 
soluble  salts,  e.g.  magneeic  sulphate,  as  also  by  cold  alcohol.  It  is 
somewhat  soluble  in  boiling  alcohol. 

To  prepare  it  milk  is  largely  diluted  with  water,  and  very  dilute 
acetic  acid  added  as  long  as  a  flocculent  predpitate  is  formed.  This 
latter  carries  the  butter  globules  down  with  it,  and  therefore  after 
washing  with  water  requires  treating  with  ether  and  alcohol  to  free 
it  from  fat.  It  is  then  dissolved  in  very  dilute  solution  of  sodic 
hydrate,  and  the  clear  solution  precipitated  anew  by  acetic  add. 

When  fresh,  casein  is  very  readily  soluble  in  very  dilute  alkalies 
or  mineral  adds,  forming  albuminates  or  syntonins.     On  pouring  the 
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v=pu%rjc«  in  ^ock.r.  vbid:  are  »:lizt-Ie  in  |hii« 

«.»:i  dfjfii-lTir-z  c&BCir.  in  scrcsig  solirdjcyn  of 
pjc^jsrit^  js^il:  bide  ii  •ooc  observed. 

Tl.«  er.iiTersfon  into  tbe  troe  coagolftted  modificfttkn.  oems  on 
boiliiiz  xzilk.  on  the  acrfaoe  where  in  ccntact  -wjth,  ^r.  and  bj  hoitiiig 
tlK  ^k^I:  aolition  to  5<j'  with  renzKt.  In  compowariop  mnrfn  dosetf 
apprrftchea*  albnmizL 

1312.  r<»«y{^/i^  Cojeinj. — 1.  LtgMmin  oocizn  as  ^TVa.K  alboxniiiate 
in  I^ig'inJiiors.  Softeced  peas  or  beans  are  mbbed  to  a  p<a^  tUi 
edrreii  with  modi  waiter,  and  all  solid  matters  allowed  to  settle.  Tbe 
supematAnt  liqmd.  which  is  rendered  turbid  by  &«,  is  cieared  hj 
filtration  and  precipitated  by  dOiite  aoedc  acid.  The  floocaknt  pie- 
dpitate  Is  crjllect£d  and  waahed  with  ether  and  mloohoL 

Legumin  ret«mblea  casein ;  it  dia^ohiBB  in  dilate  acids  and  <^1WK*^ 
and  the  alhmninate  aolntkni  on  heating  fbrms  a  pellide-like  milk. 

2.  C<yngliiiin  is  the  alkali  albominate  of  the  sweet  and  bitter 
almonds,  the  kernels  of  stone  fmit,  and  the  Ii^MoSb  It  is  prepand 
fdmilarlj  to  legumin,  from  which  it  onlj  differs  in  elementazy  com- 
position. 

3.  Gluten  catein  oocars,  together  with  other  protein  snbstanoeB,  in 
most  cereals  and  in  the  meal  preporel  from  them.  To  obtain  it  floor 
is  kneaded  in  a  linen  bag  in  constantly  renewed  water,  tmtil  the  latter 
i:^  no  longer  rendered  turbid  by  starch  pawdng  through ;  there  is  then 
left  a  grey,  sticky,  tenacious  mass,  termed  gluten;  it  is  a  mixtore  of  at 
least  four  different  protein  substances.  100  grams  of  this  sabstsnee 
is  extracted  with  a  solution  of  4  grams  of  potassic  hydrate  in  4  litres 
rif  water,  the  liquid  allowed  to  stand  several  days  separated  from 
deposited  matter^*,  and  acidulated  with  acetic  acid.  Tbe  separaUd 
mass  is  then  hucoessively  treated  at  ordinary  temperatures  with 
alcohol  of  60  %  and  80  %,  then  with  absolute  alcohol,  and  finally  with 
ether,  and  the  residual  gluten  casein  dried  in  vacuo. 

Gluten  casein  is  insoluble  in  water  and  alcohol,  readily  in  dilate 
acids  and  alkalies,  and  also  somewhat  soluble  in  alcohol  in  the  preeeuce 
f^  acetic  or  tartaric  acids.  On  boiling  with  water  it  is  transformed 
into  its  coagulated  modification. 

1313.  In  addition  paralbumin  may  be  mentioned,  which  causes 
the  slimy  nature  of  the  liquid  of  ovarian  cysts.  On  diluting  this 
largely,  and  passing  carbonic  anhydride  through  the  liquid,  or  addition 
of  acc'tic  acid,  a  fiocculent  precipitate  is  obtained  which  readily  dis- 
solves in  excess  of  acids  and  alkalies.  Alcohol  precipitates  it  as  a 
flocculo-granular  mass,  which  redissolves  in  water  at  35^  to  a  slimy 
viscous  liquid. 

1314.  The  elementary  analysis  of  these  five  substances  occurring 
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Milk  caiieln    . 

.     53-6 

7-1 

15-7 

10 

22-6 

Legumin   .     . 

.     51-5 

70 

16-8 

•4 

24-3 

Conglutin .     , 

.     50-8 

6-7 

18-4 

•4 

23-7 

Gluten  casern 

.     51-0 

6-7 

161 

•8 

25-4 

Paralbumin  . 

.     51-8 

6-9 

12-8 

1-7 

26-8 

1315.  GliUen /Ihrin,  mucedin,  and  gliadin  are  the  constituents  of 
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gluten  soluble  in  alcohol.  For  the  preparation  of  these  substances  the 
alcoholic  extract  from  the  preparation  of  gluten  casein  is  employed 
(§1312,  3).  One-half  of  the  alcohol  is  distilled  off;  on  cooling  ghtten 
fibrin  separates,  is  washed  with  absolute  alcohol  and  ether,  and  redis- 
solved  in  boiling  60  %  alcohol.  The  hot  filtered  liquid  on  cooling 
deposits  gluten  fibrin  as  a  tough,  brownish  yellow  mass,  becoming 
horn-like  on  dr}'ing ;  it  is  readily  soluble  in  dilute  alkalies  and  acids, 
and  swells  up  in  ammonia  solution  to  a  transparent  jelly.  It  coagulates 
in  boiling  water,  and  is  then  no  longer  soluble  in  alcohol,  dilute 
alkalies,  or  acids. 

The  alcoholic  mother  liquid  from  the  preparation  of  gluten  fibrin 
yields  a  varnish-like  n)sidue  on  evaporation  ;  with  the  exception  of  a 
little  gluten  casein,  this  is  soluble  in  60-70  %  cold  alcohol  3  on  adding 
90  %  alcohol  to  the  filtrate  fiocks  of  mv4:edin  separate,  which  are 
I'eadily  soluble  in  dilute  acids  and  alkalies,  and  do  not  swell  in  water. 

The  strong  alcoholic  mother  liquid  contains  gliadin  (vegetable 
gelatine),  which  is  left  on  evaporation  as  a  tenacious  mass  insoluble  in 
water.  These  last-mentioned  substances  have  the  following  per- 
centage composition : — 


C 

H 

N 

S 

0 

Gluten  fibrin 

.     54-3 

7-2 

16-9 

1-0 

20-6 

Muoedin    .     . 

.     541 

6-9 

16-6 

•9 

21-6 

Gliadin      .     . 

.     52-6 

7-0 

18-0 

•9 

21-5 

Albuminoid  Ferments. 

1316.  Some  substances  characterised  by  their  powerful  fermentive 
action  stand  in  very  close  relation  to  some  of  the  albuminoids.  These 
are,  in  plants,  diastase,  emtUsin,  and  mi^osin,  and  in  the  animal  body 
ptj/alin,  pepsine,  the  ferments  of  the  pancreatic  and  intestinal  liquids. 

All  these  substances  are  soluble  in  water  and  are  precipitated  by 
alcohol,  and  also  by  plumbic  acetate  (as  lead  compounds).  They  are 
not  precipitated  by  boiling  their  aqueous  solutions,  but  lose  their 
activity  as  ferments.  They  have  mostly  not  yet  been  obtained  even 
in  a  state  of  approximate  purity. 

1317.  Ermdsin,  or  synapta^se,  occurs  in  the  sweet  and  bitter 
almonds,  and  is  extracted  from  the  latter  by  digestion  for  several 
hours  with  water,  the  fats  having  been  previously  removed  by  pressure. 
The  filtered  liquid  is  first  treated  with  acetic  acid  to  remove  conglutin, 
and  the  clear  solution  then  precipitated  by  strong  alcohol.  After  the 
precipitate  has  been  washed  several  times  with  alcohol,  it  is  dried 
over  sulphuric  acid  in  vacuo,  and  is  then  obtained  as  a  white  friable 
mass,  which  on  combustion  leaves  a  very  couHiderable  quantity  of  ash 
(20-36  %),  consisting  in  great  part  of  calcic  phosphate.  Completely 
dry  emulsin  can  be  heated  to  100°  without  affecting  its  activity.  It 
dissolves  in  great  part  in  water,  and  can  then  convert  very  large 
quantities  of  amygdalin  into  sugar,  hydrocyanic  acid,  and  benzoic 
aldehyde,  and  similarly  of  salicin  into  sugar  and  saligenin.  Aqueous 
solution  of  emulsin  readily  decomposes  with  formation  of  much  lactic 
acid.  After  Kubtracting  the  ash  it  contains  in  100  parts  :  C  =  42*9, 
H  =  7-1,  N  =  11-5,  S  =  1  -2,  and  0  =  37-3. 

1318.  Diastase,   or  maUin,   is  the    ferment  formed    from  the 
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gluten  constituents  of  cereals  during  germination  ;  it  converts  starch 
into  dextrin  and  maltose.  It  is  obtained  firom  the  aqueous  extract  of 
freshly  germinated  barley,  by  heating  to  75^  to  coagulate  albumin  and 
then  precipitiiting  the  diastase  by  strong  alcohol.  The  aqueous  solu- 
tion readily  decomposes  with  formation  of  acids.  In  a  firesh  state  it 
possesses  a  most  powerful  fermentive  action,  one  part  of  diasfaue 
transforming  100,000  parts  of  starch  suspended  in  water.  This  action 
occurs  most  rapidly  between  70° and  75°,  but  is  totally  and  pennanentlj 
lost  at  100°. 

1319.  Myrosin  is  the  ferment  of  mustard  seeds,  by  whidi  myronic 
acid  is  decomposed  into  sugar,  sulphuric  add,  and  mustard  oil 
(§1219>. 

1320.  Pepsin  is  contained  in  the  add  gastric  juice  secreted  in  tbe 
glands  of  the  stomach,  and  can  be  separated  from  the  other  con- 
stituents by  diffusion,  as  it  will  not  pass  through  membranes.  It  is 
predpitated  by  strong  alcohol  or  plumbic  acetate,  and  also,  though 
probably  only  mechanically,  when  caldc  phosphate  or  cholesterine  an 
predpitated  from  its  solutions.  In  presence  of  acids — especially  d 
hydrochloric  acid — it  converts  all  the  sJbuminoids,  even  the  coagulated, 
in  very  large  quantity  first  into  syntonins  and  then  into  peptoneB.  It 
acts  most  quickly  at  about  40°  (blood  heat).  It  is  scarcely  altered  bj 
putrefaction. 

1321.  Ferments  which  convert  starch  into  sugar  are  contcuned  in 
the  animal  body  in  saliva  (ptyalin),  in  the  pancreatic  secretion  (pan- 
creatin),  in  the  liver,  <&c.  On  adding  phosphoric  acid  and  afterwards 
lime  water  to  these  liquids,  the  ferments  are  carried  down  with  the 
precipitated  calcic  phosphate ;  this  is  dissolved  in  dilute  adds,  and 
then  the  ferment  predpitated  in  flocks  on  addition  of  strong  aloohd ; 
these  are  soluble  in  pure  water.  They  have  been  but  little  in- 
vestigated. 

Pbotbids. 

1322.  The  term  proteids  is  applied  to  several  substances  ooconing 
in  the  animal  body  in  an  insoluble  state,  and  which  have  been  derived 
from  the  albuminoids  and  in  their  chemical  natxire  stand  very  near 
to  the  albumins.  They  possess  the  general  protein  reactions,  are  con- 
verted into  xanthoproteic  acids,  with  yeflow  coloration,  by  nitric 
acid,  mostly  give  a  rose-red  coloration  with  Millon's  reagent,  and  on 
treatment  with  concentrated  adds  and  alkalies  are  converted  slowly 
into  compounds  of  acid  albumin  or  albuminate-like  character.  On 
boiling  with  moderately  concentrated  sulphuric  add,  or  with  strong 
alkalies,  by  dry  distillation  and  long  heating  with  water  at  150°,  they 
show  in  all  essentials  the  behaviour  of  all  protein  compounds.  Some 
of  them  are  glucosides. 

Animal  Mucus, 

1323.  Animal  mucus,  or  mucins  occurs  in  strongly  swollen  con- 
dition in  different  secretions,  especially  in  bile,  synovia,  the  saliva  of 
the  submaxillary  gland,  and  as  a  glairy  mucus  on  the  mucous  mem- 
branes of  the  respiratory  passage  and  intestinal  canal,  ^bc.  It  is 
precipitated  by  alcohol  or  acetic  add  from  all  these  in  a  flooculent 
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condition.  It  can  be  obtained  in  the  state  of  greatest  purity  from 
the  mucus  of  certain  varieties  of  snails  by  rubbing  the  animals  to  pulp 
with  sand,  boiling  with  much  water,  and  adding  much  acetic  add  to 
the  brown  liquid.  The  separated  mass  is  then  washed  with  dilute 
acetic  acid  until  the  filtrate  no  longer  gives  a  precipitate  with  a 
tannin  solution,  all  salts  removed  by  means  of  water,  and  the  mass 
covered  with  dilute  lime  water.  The  mucine  swells  up  in  this,  and 
for  further  purification  is  again  precipitated  by  acetic  acid.  It  remains 
unaltered  under  alcohol. 

The  mucous  substances  swell  in  water  to  an  enormous  extent, 
especially  in  the  pi*esence  of  certain  alkali  salts,  yielding  opalescent 
liquids.  They  are  precipitated  by  alcohol,  dilute  mineral  or  organic 
acids,  but  are  dissolved  by  free  alkalies,  or  lime,  or  baryta  water,  as 
also  by  concentrated  mineral  acids.  Neutral  or  alkaline  liquids  con- 
taining mucin  are  not  precipitated  by  tannic  acid,  copper,  mercury, 
or  silver  salts,  nor  by  normal  plumbic  acetate,  but  are  precipitated  by 
basic  plumbic  acetate.  On  long  boiling  with  dilute  mineral  acids 
they  decompose  into  acid  albumins,  a  substance  resembling  sugar  and 
other  substances.  The  mucins  show  rather  varying  compositions. 
100  parts  of  mucin  contain  : — 

0  H  N  0  and  S 

48-9        6-8        8-5  35-8 

52-2        7-0      12-6  28-2 

Homy  Tissues, 

1324.  Elastin  occurs  together  with  collagen  in  the  connective 
tissue,  in  a  state  of  special  purity  in  the  yellow  Ugcvmentwrn  nuchcB  of 
cattle.  In  consequence  of  its  insolubility  in  alcohol,  water,  concen- 
trated acetic  acid,  and  boiling  dilute  hydrochloric  acid  and  sodic 
hydrate,  it  is  readily  obtained  pure.  It  forms  a  yellowish  mass,  very 
elastic  in  the  moist  condition,  brittle  when  dry.  On  boiling  witik 
moderately  concentrated  sulphuric  acid  it  yields  much  leucine  (up  to 
50  %)  and  but  little  tyrosine. 

1325.  Keratme,  the  essential  horn  substance,  forms  the  chief  con- 
stituent of  hair,  feathers,  nails,  claws,  horns,  the  epidermis  and 
epithelium  of  the  higher  animals,  and  is  freed  from  admixed  sub- 
stances similarly  to  elastin ;  it  scarcely  sweUs  in  water,  more  readily  in 
strong  acetic  acid  and  solutions  of  alkaline  hydrates.  It  dissolves  in 
boiling  acetic  add,  also  in  strong  alkalies,  with  formation  of  potassic 
sulphide.  Boiling  sulphuric  acid  decomposes  it  with  formation  of 
leucine  (about  10  %)  and  proportionally  much  tyrosine  (3-4  %). 

1326.  Fibroin  is  contained  in  silk,  and  remains  as  a  homy  mass 
after  the  removal  of  the  seridne  (§  1296) ;  it  is  soluble  in  an  am- 
moniacal  solution  of  cupric  oxide  (comp.  §  883).  It  is  also  soluble 
in  concentrated  adds  and  alkalies,  the  solutions  giving  tenacious 
precipitates  on  neutralisation.     Decomposition  with  dilute  sulphuric 

'acid  yields  glycocine,  leudne,  and  5  %  tyrosine. 

1327.  Spongiriy  the  chief  constituent  of  sponges,  is  left  as  an  in- 
soluble 8ul»tance  on  treating  these  with  ether,  alcohol,  water,  hydro- 
chlonc  acid,  and  dilute  sodic  hydrate ;  it  contracts  in  ammoniacal 
solution  of  cupric  oxide,  and  on  decomposition  with  sulphuric  acid 
yields  leucine,  but  neither  tyrosine  nor  glycodne. 
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1328.  After  subtracting  the  ash,  the  substances  of  this  group 

show  the  following  composition  : — 

G  H  N  8  O 

Elastin.     .  554  74  167  20*5 

Keratin      .     50-3-52-5       6-4-7-0       16'2-17-7       -7-5        20-7-25-0 

Fibroin.     .  48-8  62  19-0  26-0 

Spongm      .  46-5  6*3  16-1  31-1 

1329.  NucUnn  occurs  in  the  nucleus  of  pus  globules  and  in  the 
blood  corpuscles  of  snakes  and  l)irds.  It  can  be  readily  isolated,  as  it 
is  not  digested  by  gastric  juice  at  blood  heat  and  is  insoluble  in  water, 
alcohol,  ether,  and  dilute  alkalies  and  adds.  It  is  only  dissolved  by 
concentrated  alkalies  or  mineral  adds,  and  even  then  only  slowfy. 
The  freshly  prepared  hydrochloric  add  solution  is  again  predpitatod 

bv  T^&ter 

Nuclein  contains  49'6  %  C,  7-1  %  H,  14-15  %  N,  2  %  S,  about 
2-3  %  P,  and  24-25  %  O. 

Amyloid  matter  occurs  only  pathologically  in  the  form  of  codt 
centric  scaly  granules  in  the  serous  coating  of  the  brain  and  nerves, 
and  as  a  waxy  infiltration  in  the  liver,  spleen,  and  kidneys.  1%e 
glands  altered  by  such  infiltrations  are  finely  divided,  are  extracted 
with  ether  and  alcohol,  and  finally  digested  with  gastric  juice  at  40^ 
in  order  to  convert  all  albuminoids  into  peptones.  The  amyloid  sub- 
stance then  remains  unattached.  Alkalies  dissolve  it  with  difficulty, 
converting  it  into  albuminate;  acids  similarly  convert  it  into  add 
albumin.  It  is  characterised  by  the  red  coloration  that  it  gives 
with  iodine  and  the  violet  or  blue  colour  with  iodine  and  sulphuric 
acid.     On  analysis  it  gives  the  following  percentages  : — 

53-6  C,  7-0  H,  15-0  N,  and  244  O  and  S  (S  being  about  1-3). 

Hjbmoolobins. 

1330.  The  blood  pigments,  or  hsamoglobins,  occupy  a  peculiar 
position  amongst  the  protein  substances.  They  form  the  chi^  ocm- 
stituent  of  the  red  blood  corpusdes  of  the  vertebratee,  and  oocur 
dissolved  in  the  muscle  of  the  mammalia  and  the  blood  of  some  of 
the  invertebratee,  e.g.  in  log  worms.  In  a  state  of  purity  all  haemo- 
globins appear  to  be  crystalline,  but  do  not  all  crystallise  equally 
well  nor  with  equal  readiness. 

To  prepare  them  the  blood  coqmscles  must  first  be  isolated  as 
far  as  possible,  which  is  best  effected  by  the  quiet  standing  for  several 
days  of  a  mixture  of  1  volume  of  defibrinated  blood  with  10  volumes 
of  a  three  per  cent,  sodic  chloride  solution.  The  red  corpuscles  then 
deposit  so  completely  that  the  liquid  can  be  poiued  off  them.  The 
red  mud  is  then  brought  into  a  flask  by  means  of  water,  and  well 
shaken  after  addition  of  an  equal  volume  of  ether.  The  haemoglobin 
is  dissolved ;  the  solution  is  filtered  as  quickly  as  possible,  cooled  to 
0°,  and  the  hsBmoglobin  predpitated  in  crystals  by  addition  of 
\  volume  of  alcohol.     The  colouring  matters  of  the  blood  of  the  dog, 
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rat,  hippopotamus,  and  rhinooeroe  crystallise  as  a  rule  before  the 
addition  of  the  alcohol ;  that  from  the  blood  of  birds  crystallises  with 
more  difficulty  after  the  addition  of  alcohol ;  whilst  most  difficulty  is 
experienced  in  inducing  the  crystallisation  of  the  heemoglobin  of  horse 
or  human  blood.  Hseoaioglobin  can  be  recr3rstallised  by  dissolving  in 
water  at  40°,  quickly  filtering,  cooling  to  0°,  and  adding  alcohol. 

1331.  All  haemoglobins  are  of  a  blood  red  or  brick  red  colour 
when  in  powder ;  they  contain  iron  and  water  of  crystallisation,  and 
do  not  quite  agree  with  one  another  in  their  quantitative  com- 
position.     For  instance,  100  parts  of  dried  hssmoglobin  crystals 


contain : — 

C 

H 

N 

Fe 

S 

0 

From  the  dog      .     .     . 

.     53-9 

7-3 

16-2 

•4 

•4 

21-8 

„        rhinoceros    . 

.    54-1 

7-4 

161 

•6 

•4 

21-4 

the  first  containing  3-4  %  of  water  of  crystallisation,  the  latter 
9-5  %. 

The  crystalline  forms  are  very  different. 

The  blood  of  the  hippopotamus  and  the  rat  yields  rhombic  tetra- 
hedrons and  octahedrons. 

The  blood  of  the  rhinoceros  gives  hexagonal  tables,  whilst  the 
blood  of  the  goose  gives  rhombic  tables. 

All  crystalline  blood  pigments  are  oxyhosmoglohina,  i.e.  loose 
compounds  of  true  haemoglobins  with  oxygen,  which  latter  they 
give  off  in  vacuo — especially  on  gently  heating  the  solution — and  re- 
absorb on  exposure  to  air.  The  loosely  united  oxygen  of  the  oxy- 
haemoglobins  can  also  be  readily  removed  by  easily  oxidisable  sub- 
stances— such  as  ferrous  or  stannous  tartrates — with  reduction  to 
haemoglobin.  Keduced  haemoglobin  and  oxyhaemoglobin  solutions 
are  characterised  by  their  absorption  spectra ;  that  of  the  latter  shows 
two  distinct  absorption  bands,  one  in  the  yellow,  the  other  in  the 
green — both  between  Fraunhofer's  D  and  E  lines,  and  separated  by 
a  band  of  yellowish  green  light.  The  absorption  spectrum  of  the 
haemoglobin  shows,  on  the  contrary,  only  a  single  broad  band,  thin- 
ning out  at  the  edges,  and  whose  darkest  part  covers  the  clear  inter- 
space between  the  bonds  of  oxyhaemoglobin. 

Haemoglobin  also  unites  with  nitric  oxide  and  carbonic  oxide  gas 
to  form  relatively  very  steble  crj^talline  compounds. 

Whilst  perfectly  dry  oxyhaemoglobin  can  be  heated  to  100°  with- 
out alteration,  that  containing  water,  especially  when  in  solution, 
decomposes  at  about  70°  in  cos^ulated  albumin  and  Jusmatin,  a  pig- 
ment conteining  iron.  The  same  decomposition  is  effected  by  the 
action  of  alkalies  or  acids. 

1332.  HcBtnatin,  C34H34N4Fe05,  is  usually  obtained  in  the  form 
of  a  salt  from  the  decomposition  of  oxyhaemoglobin  by  acids,  <bc. 

HcemcUin  hydrochloride^  or  hcemin,  is  readily  obtained  from  de- 
fibrinated  blood  by  evapoi*ating  the  haemoglobin  solution  prepared 
from  the  deposited  red  corpuscles  in  shallow  vessels  over  sulphuric 
acid,  and  heating  the  resulting  syrup  for  some  hours  on  the  water 
bath  with  10-20  times  ite  volume  of  glacial  acetic  acid.  The  liquid, 
which  contains  the  albumin  in  solution  as  acid  albumin,  on  dilution 
yields  haematin  hydrochloride  in  the  form  of  a  black  crystalline 
powder  of  metallic  lustre,  which  dissolves  readily  in  water  containing 


766  HiEMATIN. 

a  little  alkali  to  a  brown  dichroic  liquid.  It  oomtains  5*2  %  chkr 
i.e.  one  atom  to  the  above  hsematiii  formula. 

The  formation  of  microscopic  crystals  of  >i»ttiit|  afibrds  a  ua 
test  for  the  presence  of  blood  in  medico-legal  cases.     For  this  purj: 
,  only  a  very  small  portion  of  the  dried  blood  is  requisite ;  it  is  pla 

)  together  with  a  little  common  salt  on  an  object  glassy  a  cover  g: 

I  placed  over  it,  and  the  interspace  between  the  two  filled  with  gist 

;  acetic  acid.     Heat  is  then  applied  until  bubbles  appear  in  the  ao 

acid,  and  then  on  cooling  the  liquid  is  full  of  nmnerous  reddish  fan 
to  black  microscopic  hsemin  crystals,  which  as  a  rule  show  the  k 
of  rhombic  tables. 

On  boiling  the  blood  corpuscle  deposit  with  alcoholic  sulphi 
acid,  h<Bmatvn  sulphate  is  formed  and  crystallises  on  cooling. 

Hcematin  is  obtained  from  both  salts  by  dissolving  in  dil 
solution  of  potassic  hydrate  and  neutralising  with  acetic  acid,  wl 
it  is  precipitated  in  the  amorphous  condition,  and  after  drying  foi 
a  bluish  black  mass  of  metallic  lustre,  which  yields  a  brownish  bL 
powder.  It  is  insoluble  in  water,  difficultly  soluble  in  alcohol,  soi 
what  in  acetic  acid,  and  readily  soluble  in  alkalies. 

Hsematin  corresponds  to  oxyhiemoglobin.  From  reduced  hex 
globin  another  pigment  is  obtained,  which  is  converted  into  luema 
on  oxidation. 

1333.  The  other  animal  colouring  matters  stand  without  doi 
in  close  relationship  to  hiematin.  Htematoidin,  obtained  by 
decomposition  of  old  blood  extravasations,  e.g.  in  the  brain,  does  : 
contain  iron  and  appears  to  be  identical  with  bilirubin,  or  m 
probably  with  lutein^  the  colouring  matter  of  the  yolk  of  ec 
Melanine,  the  black  pigment  of  the  choroid,  skin,  hair,  iScc  as  f 
urobiliny  or  hydrobilirubin,  the  normal  colouring  matter  of  urine, 
probably  also  formed  in  the  body  from  blood  pigments. 


'/ 
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I. — EEFBAcmoN  Equivalents  op  Organic  Compounds. 

(Comp.  p.  62.) 

It  has  been  shown  lately  by  experiments  on  unsaturated  com- 
pounds that  the  refraction  equivalent  of  carbon  is  greater  in  those 
cases  where  double  linking  has  taken  place  between  two  carbon  atoms 
than  is  the  case  where  the  compound  is  saturated,  or  where,  though 
unsaturated,  there  is  still  no  multiple  linking  of  carbon  atoms.  Each 
such  case  of  double  union  appears  to  add  about  2  to  the  re&action 
equivalent ;  so  that  the  refraction  equivalent  of  the  group 

\    / 

C=C  =  2x6  +  2  =  12-0, 
/       \ 

I     I 
the  saturated  group  — C — C —  being  2x5  =  10*0. 

Oxygen  has  two  values.  Where  united  to  a  carbon  atom  by  double 
linking  it  =  3*29,  whilst  in  those  cases  where  the  o^gen  is  in  union 
with  two  atoms  of  other  elements  the  value  is  reduced  to  2*71. 


n. — The  Diazo  Colours. 

Of  late  years  a  large  number  of  compounds  have  been  discovered 
containing  the  dicizo  group  — N=N —  (see  p.  676) ;  and  as  these  are 
now  of  great  technical  importance  on  account  of  the  brilliant  shades 
of  yellow,  orange,  and  scarlet  which  they  impart  to  various  fabrics 
when  used  as  dyes,  it  has  been  considered  necessary  to  add  this  brief 
account  of  their  preparation  and  properties. 

The  colouring  matters  belonging  to  the  present  class  may  be  con- 
sidered as  being  formed  on  the  type  of  cmiido-azobenzene  and  *  Bis- 
marck braum,*  which  have  already  been  mentioned  (p.  578),  but 
containing  acid  instead  of  basic  radicals.  Thus,  when  nitrous  acid 
acts  upon  a  cold  alcoholic  solution  of  aniline,  diazoamido-benzene  is 
formed,  in  accordance  with  the  equation  : 

2C6H5.NH, +  HN0a  =  CeH5.N,.N<Jg   +  2H,0. 
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This  diazoamido-benzene,  when  allowed  to  stand  for  some  tu 
the  pi*e6ence  of  alcohol  and  an  aniline  salt,  nndeifi;oe8  isomeric  1 
formation  into  amidocLZO-heiizene^  Q^^.Yl^Xj^^i^Ti^y  a  subs 
of  feeble  tinctorial  power  long  known  as  *  aniline  yellow.'  Simi 
when  nitrous  acid  acts  upon  metadiamido-benzeney  the  first  pri 

I  is    diazoiliamido'beyizeney    (NH2)CeH4.Nj.N^p  xr  /"m-tt  \»      ^ 

changes  into  the  isomeric  compound  triamid<hazobenzene^    or 
marck  brown,'  (NHs)C6H4.N2.CfrH3(NHa),.     It  will  be  seen 
this  last  compound  as  well  as  '  aniline  yellow,'  on  which  tjp 
diazo  colours  are  formed,  consist  of  two  aromatic  nuclei  having  o 
more  hydi^ogen  atoms  replaced  by  an  amido  group  and  linked  tog 

-  by  the  diazo  group. 

A  body  intermediate  between  amido-ezobenzene  and  trianudt 

•  benzene,  viz.  diamido-azobenzene,  is  formed  by  the  action  of  < 
benzene  chloiide  upon  metadiamido-benzene : 

C6H,.N,.C1  +  CeH4(NHa)2  =  CeH,.N,.C6H3(NH,),  +  H( 

This  colouring  matter,  known  by  the  name  of  *  chrysou 
is  an  orange  dye  and  forms  beautifully  crystalline  salts  ha^i 
beetle-green  metallic  lustre. 

The  last  reaction  is  t3rpical  of  the  formation  of  the  diazo  co 
generally.  Diazo  compounds  of  benzene  and  its  homologues  are : 
to  act  upon  the  phenols  and  their  sulphonic  acids,  primaiy 
secondary  monamines,  &c.  The  first  of  these  colours  made  on  a 
scale  was  an  orange  dye  formed  by  the  action  of  diazo-sulphanilic 
upon  dimethyl  aniline  and  having  the  constitution  : 

(HS03)CcH4.N,.CeH4.N(CH3)a, 

The  value  of  these  dyes  is  greatly  increased  by  the  presen 
acid  radicalH,  the  most  valiuible  and  widely  known  of  these  co 
being  the  various  shades  of  scarlet  produced  by  the  action  of  c 
xylene  and  diazo-cumene  chloride  upon  the  disulphonic  acid  of  /^i 
thol,  and  having  therefore  the  constitution  : 

CeH3(CH3)^Nj.C,oH4(HO)(HS03)„&c. 

These  colours  are  rapidly  replacing  cochineal,  which  they  eqii 
brilliancy  and  fastness  and  greatly  excel  in  tinctorisJ  power. 
By  using  the  sulphonic  acids  of  diazo-benzene  and  its  homolo 
:  and  the  disulphonic  acid  of  /3-naphthol,  a  series  of  diazo  colours 

I  taining  three  HSO3  groups  is  obtained,  these  also  being  various  d 

of  orange  and  scarlet.     These  bodies  have  the  constitution  : 

(HS03)CeH4.N2.C,oH4(HO)(HS03), ; 

'  (HS03)CeH,(CH3),.N2.C,oH4(HO)(HS03)2,  Ac 

It  is  unnecessary  to  give  here  a  detailed  account  of  each  o 
diazo  colours,  as  their  general  chemical  history  will  be  readily 

'  ])rehended  from  the  above-given  typical  examples.  The  bodies  fo 

from  diazo-benzene  and   its  homologues  and  /^-naphthol-disulpl 

1  acid  increase  in  redness  as  the  homologous  series  in  ascended.      ' 

diazo-benzene  chloride  gives  an   orange  and  diazo-cumene   a  b 

I  scarlet,  these  two  extremes  being  connected  by  intermediate  shad 
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Another  class  of  diazo  colours  haa  recently  been  discovered,  baving 
the  constitution  of  three  substituted  aromatic  nuclei  linked  together 
by  two  diazo  groups.  These  compounds  are  formed  by  convei'ting  the 
amido  group  of  amidoazo-benzene  and  its  homologues  (or  their 
sulphonic  acids)  into  a  diazo  group  by  the  action  of  nitrous  acid.  To 
take  a  typical  example  : 

C6Hfi.N,.C6H4(NH2)  +  HNO2  +  HCl 

Amidoazo-benzene. 

=  C6H5.N2.C6H4.N2.CI  +  2H2O. 
Diozoazo-benzene  chloride. 

The  diazo-azo  compounds  are  then  made  to  act  upon  the  phenols 
or  theii'  sulphonic  acids,  when  they  give  rise  to  the  formation  of 
colouring  matters  of  various  shades  of  scarlet  and  having  the  con- 
stitution C6H5N2.C6H4.N2.C,oH4(HO)(HS03)2,  ifec. 

The  colours  of  this  group  have  a  greater  tinctorial  power  than 
have  those  previously  treated. 
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Abietic  acid,  733 

Absinthol,  666 

Aearoid  resin,  734 

Aceconitio  acid,  654 

Acediamine,  336 

Acenaphthene,  715 

AcetaC  265 

Acetamide,  377 

Acetanilide,  572 

Acetates,  351 

Acetenyl-bonzene,  619 

Acetic  acid,  348 

Acetic  aldehyde,  2.)8 

Acetic  anhydride,  372 

Acetin,  '400 

Aceto  -  acetates,    ethereal, 
457 

Aceto-chlor-hydrin,  400 

Aceto-formic  acid,  470 

Aceto-glycollic  acid,  412 

Aceto-hypochlorons    anhy- 
dride, 373 

Aceto  -  iodoos     anhydride, 
373 

Aceto-lactic  acid,  428 

Aceto -malonate,     ethylic, 
630 

Acetone,  275 

Acetone  alcohol,  885 

Acetonic  acid,  436 

Acetonitril,  335 

Acetonnramic  acid,  437 

Acetonvl-urea,  437 

Acetophenone,  617 

Acetopropionic  add,  462 

Acetopyrophosphorons 
acid,  378 

AcetopyrophosphorotiB  an- 
hydride, 878 

Acetosuccinate,       ethylic, 
531 

Acetoeuccinic  acid,  531 

Acetotartaric  adds,  528 

Aceturic  acid,  420 

Acetyl  chloride,  368 


Acetyl-diamine,  337 
Acetylene,  440 

—  cuprous  oxide,  441 

—  dibromide,  442 

—  dichloride,  441 

—  tetrabromide,  442 
Acetyl-glycocinc,  420 
Acetylperoxide,  372 
Acetyl-sulphurea,  378 
Acetyltrichloride,  33d 
Acetyltriethyl  ether,  335 
Acetyl-urea,  378 

Add,  abietic,  733 

—  aceconitic,  564 

—  acetic,  348 

—  acetoacetic,  467 

—  acetoformic,  470 

—  aceto-glycollic,  412 

—  aceto-uu:tic,  428 

—  acetomalonic,  530 

—  acetonic,  436 

—  acetonuramic,  437 

—  acetopropionic,  462 

—  aceto -pyrophosphorons, 
873 

—  aoetosucdnic,  531 

—  acetotartaric,  428 

—  aconic,  645 

—  aconitic,  554 

—  acrylic,  463 

—  adipic,  489 

—  allantoic,  539 

—  allantoxanic,  '540 

—  alloxanic,  544 

—  allyl-acetic,  467 

—  aloStic,  730 

—  alorcic,  730 

—  alphatoluic,  635 

—  amalic,  543 

—  amidoacetic,  416 

—  amidobenzoic,  627 

—  amido- butyric,  436 

—  amido-caprylic,  440 

—  amidodnnamic,  648 

—  amido-isocaproic,  438 

8d2 


Acid,  amidovaloric,  437 

—  amygdalic,  721 

—  angdic,  467 

—  anisic,  631 

—  anthracene  carbonic,  694 

—  anthranilic,  627 

—  anthraquinone  carbonic, 
694 

—  anthraquinone    sulpho- 
nlc,  688 

—  antitartaric,  628 

—  apophylenic,  739 

—  aposorbic,  646 

—  arachidic,  362 

—  aspartic,  499 

—  atropic,  647 

—  asselaic,  400 

—  azoloaldehydic,  457 

—  azobenzoic,  628 

—  azoxybenzoic,  628 

—  azulmic,  87 

—  barbituric,  537 

—  behenic,  362 

—  bebenolic,  496 

—  behenoxylic,  496 

—  benzene  disulphonic,  589 

—  benzh^drol-benzoic,  681 

—  benzoic,  623 

—  bonzoleic,  628 

—  benzyl  benzoic,  681 

—  beta  -  dibrompropionic, 
464 

—  brassic,  469 

—  brassylic,  491 

—  brassylo-aldehydic,  457 

—  bromacetic,  410 

—  bromacrylic,  464 

—  brombutyric,  486 

—  bromdnnamic,  648 

—  bromglycollic,  455 

—  brommaleic,  546 

—  bromoleic,  468 

—  brompropionic,  429 

—  brumvaleric,  437 

-  butyl-sulphonic,  176 
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Add,  bvtTTK,  3^ 

—  eaiSne,  WO 

—  eaiTeta&nie,  5^10 

—  emmplk>«arboai<T,  W'i 

—  emmpbolic  667 

—  cunpboric,  667 

—  CKprie,  3M 

—  r^roic,  1-58  I 

—  eaprylic,  3-59  | 

—  carbolic  ^67  I 

—  carbouphtholic.  71  *        1 

—  carbop^jTTillic,  .>ol 

—  earminie,  724 

—  eaiT»erotie,  <M1 

—  eerotk,  362 

—  eetisne,  727 

—  ehelidonie,  'S«S5 

—  cbeooeholalic,  748 

—  efaeDoCAorrjcholAlic,  748 

—  chloncetic,  404 

—  cblordncjiie,  626 

—  chlormaleic,  546 

—  ehlormoconic,  549 

—  chlorpropionic,  429 

—  dilonaljlic,  626 

—  ehoUlie,  747 

—  eholMtene,  749 

—  cholic,  747 

—  cholodinic,  748 

—  eholoidftnic,  748 

—  chryaaiDiDie,  692 

—  chrysophanic,  691 

—  cimicie,  468 

—  cinoamic,  646 

—  citraeonie,  523 

—  dtradibrompjrotar- 
t&ric,  530 

—  citramalic,  502 

—  citric,  551 

—  comenic,  555 

—  c^>nTolvTilic,  723 

—  coDTolTuIinoIic,  723 

—  copairic,  733 

—  cotarnie,  739 

—  conmaric,  649 

—  cTMOtic,  639 

—  crotooic,  465 

—  cumenyl-acrylic,  651 

—  cameDyl-angelic,  651 

—  camenyl-crotonic,  651 

—  cumic,  638 

—  cnmidic,  656 

—  cyameloric,  86 

—  cyanac«tie,  485 

—  cyanic,  75 

—  cyanoric,  77 

—  dohydracetic,  462 

—  dialuric,  535 

—  diaterebic,  503 

—  diazobenzooe-sulpbonic, 
688 

—  diazobenzoic,  628  I 


Aad  dibeasyt 
684 

(^bfomacetk,  4iS 
MO 
524 

—  dibmmpalmitie,  468 

—  (irbrofDpfopiofiic,  4ii7 

—  dibromatearie,  468 

—  dibrotncaeciaie,  524 

—  dibrwiT^derie,  467 

—  dichlor-aeetic,  45-5 

—  dicyanamic  83 

—  dictli-aeetic,  358 

—  diethosalie,  438 

—  diethoxygiyoxylic  456 

—  dieibylmalomc,  490 

—  dij^yieolamidie,  418 

—  diglyeollic;  414 

—  dibeptyl-aeetie,  261 

—  difaydroxy>proptoiue,469 

—  diiodo-acetic,  455 

—  diiodosalicylie,  634 

—  diiaoamyl-oxalic,  440 

—  diiaoprop-oxalie,  440 

—  dilitnric,  537 

—  dimetli-acrylic,  467 

—  dimetb-oxalic,  436 

—  dimetbyl-beiiaaie,  637 

—  dimethylmalooie,  489 

—  diiDetbylphosphioic,2l4 

—  dimethyl-caccinic,  489 

—  dinitrobenaoie,  632 

—  dioxybenzoic,  633 

—  dipbeoic,  680 

—  dipbenyl  acetic,  684 

—  dipbenyloDe  dicarbonie, 
680 

—  dipheDyleoedianl  phonic, 
677 

—  dipbenyl  glycoUic,  684 

—  dipbenyl  succinic,  685 

—  dipbenyl-snlphonic,  677 

—  diflulpbethiolic,  317 

—  dcBglic,  469 

—  durylic,  638 

—  elaic,  468 

—  elaidic,  468 

—  ellagic,  635 

—  onicic,  469 

—  etbionic,  315 

—  etb-meth-acetic,  357 

—  ethmothoxalic,  438 

—  etboxyacetic,  413 

—  etboxylactic,  429 

—  ethyl  benzoic,  637 

—  ethyl  crotonie,  467 

—  ethylene  lactic,  433 

—  ethylene  sulphonic,  315 

—  etbylidene  cliloride  sul- 
phonic,  270 

—  etbylidene     dicurbonic, 
485 

—  cthylideB^-lactic,  425 


490 


4 

-I 

41 

41 


6&1 

731 
64S 


ftmBK«lic,C91 
falminvrie,  479 


4^8 

«iaiic634 

503 


glvtazie,  4S8 
^jemrie^  469 


4M 

-  gljesrin  phomhc 

-  glyeeriii  salphoa 

-  glyeeriii  snlplnn' 

-  S^jo&ryi  h jdnti 
bonie.  602 

■  gljCMyl  tricMbo 

-  gljeoeholie,  747 
-glyocmic  411 

-  glycolnnunie,  42 

-  glyoxjlie,  455 

-  gnaUretic.  733 

-  hemimellitic,  65! 

-  hemipinie,  739 

-  heptoic,  359 

-  hippuric,  624 

-  homocnininie,  6t 

-  hysnic,  362 

-  hydantoic,  421 

■  hydracrylic,  434 

-  bydratropic,  631 

-  hydrazobeDsoie, 

-  hydrindic,  672 

-  hydPocaflTeeic,  64 

-  hydrocinnamie,  ( 

-  bydrochloranilic 

■  hydrocoumaric,  ( 

-  hydrocyanic,  59 

-  hydromeoonie,  5 
hydromiiconic  5 

-  bydro-paraocmm 
640 

-  bydpophthalic,  € 

-  nydroflorbic,  467 

-  hydroxybotyrie, 


878 


Arid,  hjdrozy  cap 

—  hydroij  capryl 

—  hydroxy  diethai 

—  hydroxy  o-diethjl  buty- 
ric, 440 

—  bydroxy  glntaric,  S02 

—  bydroiymaletc,  646 

—  hydroiymalonic,  48  7 

—  hyiiroiy  a-melJiyl  buty- 
ric, 438 

—  hydroiyo-niolhyl-elbyl- 
batyric,  439 

—  hydroxy  coDButhoic,  439 

—  bydroiy-oleic,  468 
—  hydroxypyiWiirliiric, 


SUU 


601 

—  hydroiyni 

—  hjdroijUiliuc,  639 

—  hydioxyrsleric  637 

—  bydruiylio,  637 

—  hyochobc,  7*8 

—  hyoglyeocholic,  748 

—  byotsuTochoIic  748 

—  bypogaic,  468 

Miaacetic,  410 

-  iodc^ropionic,  434 

-  iutic,  67) 
i-enlpbonlc,  67 

-  iBitropie,  647 
-issthionic,  316 

-  isobntyiie,  3S6 

-  iucapnic,  368 

-  iBDcratoDic,  466 
mChylic,  369 

-  iio-oe^lic,  360 

-  iwpblitalic,  665 

-  iai^iiic  740 


cinic,  486 
~  isOQTiuc,  666 

-  isonleric,  367 

-  iiolylidie,  666 

—  ilaconic,  622 

—  itadibrompyiotartsric, 


lolie,  723 
426 


—  lactonie,  620 

—  lactnnmio,  431 

—  iBDtaDuric,  630 

—  l&oric,  360 

—  lecuioric,  642 
^  Ispatgylic,  490 

—  leocic,  439 

—  lichenitcsric,  727 

—  lithofellic,  748 

—  nuileif,  62] 


Add,  malic,  107 

—  malonic,  486 

—  ranndolic,  639 

—  mSDoitic,  620 

—  marguio,  361 

—  mecoDic^  66  4 

—  melannrenic,  84 

—  mslilotic,  640 

—  melisBic,  362 

—  mellitic.  659 

—  meUophanic,  668 
^  mcsB£onic,  623 

—  mesadibroaipyrotHr- 
laric,  630 

—  meeamalic,  602 

—  mMacamphoric,  667 

—  '"ewtartuic.  629 
witylenic,  837 


—  niBCat&rtAric,  629 

—  metbociylic,  466 

—  metheii^iaul  phonic, 
269 

—  methiooic,  269 

—  raetbelhacetio,  367 

—  meChoiy-acatie,  413 

—  inetliyl-crob>ni<N  466 

—  nielbyl-h8CTl-«c«tlc,360 

—  metbyl-hydaiitf^,  421 

—  mothyl  hydroxy  succinic, 


038 

—  motbyl-phoapbioic,  21S 

—  matbyl-ulic^lic,  630 

—  mschyl-mcciDic,  489 

—  methyl-milphiuic.  174 

—  mslhyl-enlpht 


—  rojriitie.  860 

—  myrcnic,  726 

—  DBphtlMlKie    earbouic 
714 

—  naphth&lane  mlphoDic, 


-  nicotio,  737 

-  nitrabeuioic,  632 

-  uitroeiDuaniic,  S48 

-  QitTDCOMUMic,  T24 

-  Donylic,  132 
-oetTlie,  3S9 

-  olBie,  46B 

-  (BDUithoic,  36S 

-  opiwic,  739 

-  opinie,  740 


Add,  OTMltic,  641 

—  (uilic,  479 

—  Oialurie,  484 
^  oumic,  482 

—  oxanilio,  673 

—  oxonic,  639 

—  oxybenzoic,  631 

—  oxyiwuvitic,  667 

—  oiymeeitytonic,  640 

—  oiymethyl  phenyl  fu 


—  pBlmiUe,  360 

—  palmllolic,  496 

—  p«lroitoiylic,  496 

—  parabuiic,  483 

—  paraconic,  601 

—  paiocoumMTic,  650 

—  paralBctic,  432 

—  psramucic,  648 
^  parietic,  691 

—  puoxybeuEoic,  631 

—  pslargonie,  3  SO 

—  pautadecylic,  360 

—  penmlphodicyauic,  80 

—  phenacrylic,  646 

—  phouuittireae-cuboiiic, 
718 

— pheDaDtbreue-Bulphoni^ 
fl8 

—  phenol-dicarbonlc,  666 

—  phenol-diBUlpbouic,  693 

—  pheQol-mlphbaic  688 

—  phtnol-Uiearbonic,  6ft7 

—  phenyl  acetic.  6S6 

—  phonyl-acrylic,  640 

—  phenyl-BiiaHlic,  601 

—  phenyl  beSsoic,  679 

—  pbaDyt-carliBiioio,  679 

—  phenyl  crotonii;,  661 

—  phenylan«-diu;«lic,  668 

—  ph on jl-ttly collie,  6!9 

—  phonyl-Uclic,  041 
-  pbonyl-pb(?ny[eDe-nil- 


phoi 


n,  677 


phenyl  phoaphinic,  S80 

—  ph«sylpro^olie,  662 

—  phenyl  propionic,  637 

—  phenyl  ■ulphinie,  669 

—  phenyl  -  sulpho  -carba- 
tmie,  679 

—  piionyl  jutphonic,  669 

—  phloreCic,  640 

—  phcenidne       lulpharic, 
670 

—  phthnlic,  663 

—  picmmio,  696 

—  picric,  606 

—  picTocysinic,  S96 

—  pimone,  733 

—  pimelic,  490 

—  pinalie,  S67 
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Amidobenzoie  acids,  627 
Amidobutjric  acid,  436 
Araidocaprylic  acid,  440 
AmidocinDamic  acids,  648 
Amidocyanorates,  ethereal, 

165 
Amidohjdrazophenol,  596 
Amidoisocaproic  acid,  438 
Amidonaphthalene,  709 
Amidophenols,  587 
Amidopropionic  acid,  480 
Amidotoluenes,  602 
Amidovaleric  acids,  437 
AmmoUde,  84 
Ammeline,  83 
Ammonic  acetate,  351 
Amnionic  cyanate,  77 
Ammonic  cyanide,  64 
Ammonic  ferrocyanide,  67 
Ammonic  fonnate,  347 
Amygdaline,  720 
Amygdalic  acid,  721 
Amy  1  alcohols,  126 
Amyl  aldehydes,  263 
Amyl  carbinol,  129 
Amylene  di haloids,  299 
Amylene  dibromide,  299 
Amylene  glycols,  805 
Amylenes,  291 
Amylic  acetate,  867 

—  bromides,  139 

—  chlorides,  186 

—  iodides,  138 
Amyloid,  518 
Amyloid  matter,  764 
Amyrin,  734 
Anethol,  640 
Angelic  acid,  467 
Anhydrides   of   the   fatty 

acids,  870 
Anilides,  572 
Aniline,  570 

—  brom-,  585 

—  colours,  697 

—  chlor-,  585 

—  dibrom-,  593 

—  dichlor-,  598 

—  dinitro-,  593 

—  iodo-,  585 

—  nitro-,  684 

—  penta-brom-i  597 

—  tetrabrom,  597 

—  tribrom-,  595 

—  trichlor;  595 

—  trinitro,  595 
Anim6  resin,  734 
Anisic  acid,  631 
Anisic  aldehyde,  616 
Anisic  alcohol,  612 
Anisol,  568 
Anthracene,  685 

—  brom-,  686 

—  carbonic  acids,  694 


INDEX. 

Anthracene,  chlor-,  686 

—  hydrides,  686 
Anthraqninone,  687 

—  amido-,  688 

—  carbonic  acids,  694 

—  nitro-,  688 

—  snlphonic  acids,  688 
Anthrachiysone,  693 
AnthraflaTone,  691 
Anthrah^droquinone,  688 
Anthranilic  acid,  627 
Antiarine,  724 
Antitartaric  add,  528 
Apiine,  725 
Apocodeine,  739 
Apomorphine,  738 
Apophylenic  acid,  739 
Aposorbic  acid,  546 
Arabin,  517 
Arabinose,  508 
Arachidic  acid,  362 
Arbutin,  590 
Argentic  acetate,  852 
Argentic  cyanide,  96 

—  potassic  cyanide,  96 
Argentic  formate,  348 

—  fulminate,  478 
Aricine,  742 
Aromatic  compounds,  556 

isomerism  in,  558 

Arsenates,  ethereal,  158 
Arsenic  alkyl  compounds, 

216 

Arsenmonomethyl       com- 
pounds, 225 

Asparagine,  499 

Aspartic  acid,  499 

Asphaltum,  734 

Athamantine,  729 

Atomic  volume,  40 

Atropie  acid,  647 

Aurine,  696 

Aurous  cyanide,  73 

Australene,  663 

Azelaic  acid,  490 

Azeloaldehydic  acid,  457 

Azobenzene,  576 

Azobenzoic  acids,  628 

Azoconydrine,  736 

Azodinaphthylamine,  710 

Azoxybenzene,  576 

Azozybenzoic  acid,  628 

Azulmic  acid,  87 


Balsams,  734 
Barbituric  acid,  537 
Baric  ferrocyanide,  67 
Bassorin,  617 
Bebeerine,  746 
Behenic  acid,  362 
Behenolic  acid,  496 
Behenozylic  acid,  496 


775 

Benzal  chloride,  614 
Benzaldehyde,  614 

—  o.  chlor-,  616 

—  p.  chlor-,  616 

—  nitro,  616 
Benzamide,  624 
Benzene,  565 

—  brom-nitro-,  684 

—  chlop-nitro-,  684 

—  diamido-,  685 

—  dibrom-,  583 

—  dichlor-,  582 

—  di(^ano-,  586 

—  di-iodo-,  583 

—  dinitro-,  684 

—  disulphonic  acid,  589 

—  fluor-,  567 

—  hexabrom-,  597 

—  hexabromide,  566 

—  heza(;}ilor-,  697 

—  hexachloride,  666 

—  hezahydrate,  567 

—  iodo-nitro,  584 

—  mono-brom-,  567 

—  mono-chlor,  667 

—  mono-iodo,  667 

—  mono-fluor,  667 

—  nitro-dibrom,  683 

—  nitro-dichlor,  598 
Benzene  nuclei  condensed, 

704 
Benzene  nuclei  coi^ugated, 

674 
Benzene,  penta-chlor-,  596 

—  penta-brom-,  696 

—  tetra-brom-,  596 

—  tetrarchlor-,  595 

—  tribrom-,  592 

—  trichlor-,  592 

—  trichlor-trihydrate,  566 

—  tri-iodo,  598 
Benzhydrol,  678 
Benzhydrol  -  benzoic  acid, 

681 
Benzidine,  675 
Benzil,  688 
Benzilic  acid,  684 
Benzoic  acid,  623 

amido-,  627 

azo,  628 

brom-,  626 

chlor-,  626 

diamido-,  632 

dibrom-,  632 

dichlor-,  632 

dinitro-,  632 

hydroxy-,  629 

iodo-,  626 

sulpho-,  628 

Benzoic  anhydride,  624 
Benzoin,  682 
Benzoleie  acid,  623 
Bensonitril,  625 
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£«Bxrxn-L>,r/ic,  624 

HeosjUBun'*ii,  611 
BeiKKjl>b«nEEOv;  aadj,  69 1 

BcbetI  «th<r.  611 
B<ik^I-«tLT:.}>«n2e&e.  644 

Ben«Tl-*thvU:htr.  611 
BecJ7 1-«t i'.y  l-keU^oe,  6 1 S 
B«DZTlic  alcohol,  610 

—  Lr^fmide.  611 

—  chloride.  611 
lSerixjlKl':n6  liehlor:de,614 
l>frzj\  ktV,M,  618 
lS«-nzyI  mftOiyl  ether,  611 
l>fizjl  me'L^^l  kt^oL;  618 
f$«nzjl-ph«-n^^l,  678 
IJriajI-phenyl-ttheT,  611 
Iknzjl  U^lue'ne,  680 
I5erf;«rir;e,  7*3 

]j«ta  diFjrr>mpro('i'jDicacid, 

464 
I^eUin^  420 
I5etiw^*rcin.  727 
Jiichlor-ether,  147 
Bile  deri rati  re*,  746 
Bile  pif^«-Diff,  750 
BilifiiMcin,  751 
Bilipnuiin,  751 
Bilirabin,  7'''0 
Bilirerdio,  7'VJ 
BisnvirGk  bnwn,  578,  768 
Bismuth  alkyl  compfjunds, 

230 
Bitter  almond  oil,  614 
Biuref,  97 
IViilin^  i*oiiita,  65 
Bomlkyl  compfjuods,  231 
Uttraicn,  ethori^l,  158 
}{omeo  camphor,  665 
B'jmer^-flamlyjw,  509 
I5<imeo],  665 
Bomeaite,  509 
Borfin  «thyl-<lietliylatf%  232 

—  triftthyl,  231 

—  trimeihjl,  231 
Brazilinc,  730 
BraMic  acid,  469 
BraMjIo  -  aldehydic    add, 

457 
BraMjlic  acid,  491 
Bromacetiil,  380 
Biomacetic  acid,  410 
Bromacetic  bromide,  409 
Bromacetyl,  303 
Bromac«!ty]oDc,  452 
BromacetylurcHi,  420 
Bromacrylic  acids,  4G4 
Bromal,  454 
BromHtUyl  alcohol,  449 


44a 

BrxsrAlIjli.:  mLu,  449 
Brom  -  4l;jl  iinwilphaey*- 

CAte.  449 
Br-jBk^jI  nlphana.  449 
BromAciL  598 
Brom-ABilfBc  5» 
BroE>>«caeo«,  567 
Brrww:-tTTic  *rai.  435 
Br>m-e;naamie  acid.  648 
Brom-elj>?o'l:e  add.  455 
Brxn-hrdriD,  394 
BroB-iaoAsijIeiie.  403 
Broix>-maleic  ad>i.  546 
BroiDHiitro-eChaiie,  206 
Bromoform.  331 
Bromolcie  acid,  468 
BrcimpropioDic  add.  429 
Brompropjlene  dibrcMnide. 

364 
Bromralerie  add,  437 
Brcdne,  743 
BntAoe,  109 
Bateoe  gljcols,  304 
Batenyl  tribromida,  385 
Bntjlamioe,  185 
BotjI-carbiool.  127 
Batyl  ethyl  ether,  148 
Batvleoe,  290 

—  dibromide,  299 

—  glycols,  304 
Bntylic  acohoU,  124 

—  acetates,  367 

—  bromide,  137 
butyrat^,  367 

—  chloride,  136 

—  cyanides,  336 

—  ether,  149 

—  -  iotiides,  138 

—  isoflulpho-cyanatc,  201 

—  Kulphide,  176 

—  thio-alcohol,  167 

But yl-flol phonic  add.  1 76 
Bntyral-ammonia,  273 
Butyrumide,  378 
But}Tic  acid,  354 

—  aldehydrc,  262 

—  anhydride,  372 
Butyrone,  283 
Butyronitril,  335 
Butyryl-formic  acid,  470 


Cacorlyl,  220 
Cacodyl  acids,  223 
Cacodyl  compounds,  221 
Caff«^ic  acid.  640 
Caffeidine,  543 
Caffeine,  543 
Caffetannie  acid,  640 
Caincetin,  725 
Caindgenine,  726 
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il.«7 
667 


Caonstebooe.  734 
Ckpric  aod.  340 
Ca; -ffoie  acid.  356 
CapriKo  »Id«iiyd**.  3H 

\    Caprr^ce.  -2s4 
Caprovlie  AiaJk/L  130 

'   Caprylamid*.  379 
Capiylene,  293 

I  Cap^ylie  Aad.  359 
Caprylic  anhy^iride.  37 
Caprrlonitrile,  336 
Ckrainal,  510 
Carbamie  acid,  91 
Carbajnide,  93 
Cari)aiulid«^  573 
Cartiaaol,  676 

Carbazoliiie,  676 
Carbizftol,  120 

Garbodiphcn^imide,  i\ 
CarbohjdzatM,  503 
Garboiaolmtaldine,  273 
Cbrbolie  acid,  567 
Carbooaphtholie  adds. 
Carbon  detectioti,  2 
Carbon  estimatioo.  3 
Carbonic  tetrabromide. 
Carboaic  tetrachloridr, 
Oarbophenylimidtf.  574 
Carbc^jroUie  acid.  451 
Carbothialdine,  273 
Carboxjrlphenjlimide,  i 
Carmine,  642 
Carminic  acid,  724 
Camine,  724 
Carotine,  731 
Carpene,  491 
Carthamine,  731 
Carracrol,  607 

Car\-acrotic  acid,  641 
Carvol,  613 

Cascarilline,  732 
Casein,  759 
Catechine,  728 
Cellnlosa,  612 
Cerebrine,  726 
Cerotene,  293 
Cepotic  acid,  362 
Cerylic  alcohol,  132 

—  cerotate,  368 
Cetene,  293 
Cetzaric  acid,  727 
Cetylic  acetate.  368 

—  alcohol,  132 


Cetylic  aldehyde,  264 

—  bromide,  137 

—  cyanide,  336 

—  ether,  149 

—  iodide,  139 

—  palmitate,  368 
Cheleryfthrine,  746 
Chemical  structure,  24 
Chelidonine,  746 
Chelidonic  acid,  555 
Ch^nocholalic  acid,  748 
Chenotaurocholalic      acid, 

748 
Chinovic  acid,  724 
Chinovine,  723 
Chitine,  726 
Chloracetal,  380 
Ghloracetic  acid,  404 
Chloracetic  bromide,  409 
Ghloracetic  chloride,  409 
Chloracetyl,  363 
Chloracetyl  urea,  420 
Chloral,  453 
Chloral  alcoholate,  454 
Chloral  cyanhydrin,  497 
Chloralhydrate,  454 
Chloral  hydrosulphide,  454 

—  sulph-hydrate,  454 
ChloraUylchloride,  447 
Chloranil,  597 
CbloraniliDe,  585 
Chlorbenzene,  567 
Chlor-benzoyl,  624 
Chlorbutyryl,  364 
Chlordracylic  add,  626 
Chlorisobutyryl,  364 
Chlorhydrin,  892 
Chlormaleie  acid,  546 
Chlormuconic  acid,  549 
Chloroform,  330 
Chlorophyll,  731 
Chloroxethose,  476 
Chlorpicriu,  332 
Chlorpropionic  acid,  429 
Chlorpropionyl,  364 
Chlorsalylic  acid,  626 
Cholalic  acid,  747 
Cholesteric  acid,  749 
Gholesterine,  749 
Cholesteryl  compounds,  749 
Cholestrophane,  484 
Cholic  acid,  747 
Choline,  322 
Choloidanie  acid,  748 
Chondrin,  753 
Chondrogen,  753 
Chondroglncose,  753 
Chrysamminic  acid,  692 
Chrysaniline,  699 
Chrysene,  719 
Chrysine,  731 
Chrysophanic  acid,  691 
Chr}'&oquinone,  719 


INDEX. 

Cimicic  add,  468 
Cinchonidne,  742 
Cinchouidine,  742 
Ciuchonine,  741 
Cinnamone,  619 
Ginnamic  acid,  646 

amido-,  648 

brom-,  648 

nitro-,  648 

sulpho-,  649 

Ginnamic  alcohol,  645 

—  aldehyde,  645 

—  anhydride,  646 
Cinnamide,  647 
Gitraconic  acid,  523 
Gitraconic  anhydride,  623 
Gitradibrom  -  pyroUvrtaric 

acid,  530 
Gitramalic  acid,  502 
Gitranilide,  572 
Gitrene,  664 
Citric  acid,  551 
Cobalt  cyanides,  65 
Cocaine,  745 
Codamine,  740 
Coeroulignone,  677 
Codeine,  738 
Colchicine,  745 
Collagen,  753 
Collidine,  518 
Collodion,  514 
Colophony,  733 
Columbine,  732 
Comenic  acid,  555 
Conglutin,  760 
Coniferine,  616 
Goniferyl  alcohol,  616 
Coniine,  735 
ConTolvulic  add,  723 
Convolvuline,  722 
Convolvulinol,  723 
Convolyulinolic  acid,  723 
Gonydrine,  736 
Gonylene,  736 
Copaiba  resin,  733 
Copaibic  add,  733 
Copal,  733 

Copper,  cyanides  of,  71 
Corindine,  519 
Cotamic  add,  739 
Cotamine,  739 
Coumaric  add,  649 
Coumarine,  649 
Creatine,  422 
Creatinine,  423 
Creosol,  603 
Cresols,  602 
Cresodc  acids,  639 
Crocine,  725 
Crotonal  dichloride,  448 
Crotonic  acids,  465 
Crotonie  aldehyde,  448 
Crotonylene,  449 
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Cryptopine,  740 
Gumene,  604 
Gumenyl-acrylic  acid,  651 

—  angelic  add,  651 

—  crotonic  acid,  651 
Cumin  aldehyde,  617 
Guminaloohol,  613 
Cumidic  acid,  656 
Guminol,  617 
Cuprous  cyanide,  71 
Cuprous  cupric  cyanide,  71 
Gumic  acid,  638 

Cupric  acetate,  852 
Gupric  formate,  348 
Gurarine,  746 
Gurcumine,  730 
Cyameluric  acid,  86 
Cyanacetic  acid,  485 
Gyanacetyl,  378 
Gyanamide  compounds,  81 
Gyananilide,  573 
Cyananilino,  575 
Gyandiphenyl,  679 
C^anetbine,  335 
Qranic  acids,  75 
Cyanine,  742 
Cyanogen,  87 
Cyanogen  compounds,  57 
C5^anogenhslogen        com- 

pounids,  74 
Cyanogen  chloride,  74 
C^nogen  iodide,  76 
Gyanotoluene,  636 
Cyanurie  acid,  77 
Cyclamine,  725 
Cymene,  607 
Qrmopbenol,  607 
Cystine,  470 


Dambonite,  508 
Dambose,  509 
Dammararresin,  734 
Daphnetine,  721 
Daphnine,  721 
Datiscine,  722 
Decanes,  112 
Decatylic  alcohol,  132 
Decay,  55 

Dehydracetic  add,  462 
Delphi  nine,  746 
Desox^benzo'in,  682 
Dextnne,  516 
Dextrose,  504 
Diacetamide,  877 
Diacetenyl-phenyl,  619 
Diacetin,  400 
Diacetoncyanhydrin,  437 
Diallyl,  451 
Diallyl-dihydrate,  305 
Diallyl  hydrate,  311 
Dialuramide,  586 
Dialuric  add,  535 


DUmida-uobeuienfl,  TS8 
DumidO'beliKiifs.  S85 
Sismidoaitropbenal.  696 
SumidotolncDe,  603 
IXamyt,  112 
Diunytene,  291 
Dumjlkctons.  281 
Kmmh,  T61 
Diaterebic  acid,  A03 
Diwo  amiito-baiueDe,  ST7 
DiiuobenzcDe         ami  do  ' 

beaioDG,  ATT 
Diazobeniene    compoDods, 


Diatobeoioic  acids,  628 
DisECHliamidolNiiEene,  708 
Dibtnijl,  681 
DUmdejI  dieaibonlc   acid. 


Dibiomacetjlie      bromide, 


Dibromhjdrin,  394 
Dibrominalonic  acid,  524 
Dibrom  -  nitro  -  acetDnitril, 

178 
DibroTnnitrobeDienps,  684 
DibromnilrDotliBDa,  206 
Dibrompalmitic  ncid,  168 
Dibrompropionio  acid,  167 
Dibrompropylio       alcohol, 

3S4 
Dibnimstcaric  acid,  468 
Dibiom-Bueciiiic  acids,  621 
DibroniTalpric  acid,  467 
Dibntjl.  112 
Dibntjlamine,  186 
DicarboD  heiabromiJe,!?] 
Dicarlion      faexa-chlaride, 

175 
DicatboD  -  tetrabromids, 

472 
DicarboD        tetrachloride, 

476 
D>chloraf«tal,  412 
Dichloracelamide,  4S3 
Dichloracetic  acid,  1S6 
Dichloracfltojie,        ajm  me- 
trical. 149 
KchlocncetoDe.       unsym- 

motrical,  416 
DichloncetoDB      chloride, 

146 
DichlomsetoxjlHmida.  166 
Dlchloraldehjde,  412 
DiehliwbeDKeDH,  S8S 
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I>iehlDnthar,  147 
Dichloi^ljcid,  118 
Irtchlorhrdrin,  333 
Dichloi-methrl-ethei,  368 
Dicjanamic  acid,  83 
Dicjaoamide,  81 
Dicjanhfdriii,  602 
BiiTjanobeDace,  988 
Dicjano-diamide,  81 
IHcjanodiamidine,  82 
Di^-acetie  acid,  368 
Diethaulic  acid.  188 
Dietboijgljoijlic  acid,  lfi6 
Diethjlamine,  186 
Diethjl-anilinc^  671 
Oieth jl  -  anen  eompomida, 

221 
Kethyl-beDzeD**.  606 
Diethyl  carbinol,  127 
Diethjl-cjanamide,  192 
IMatfajl  cjanDiata,  196 
Diethyl  -  diethylene  -  dia- 
mine. 319 
Diethjlene  slcobol,  311 
OietbjUiie  dioxide,  310 
Dietbyl-gljcocino,  430 
Diethyl-fflycol-etber,  313 
Diethyl-bjdniiDe,  190 

urea,  190 

Diethylid,  39S 
Diethjl-ieoamylamine.  187 
Dietbyl-keton^  383 
Diethyl  malonic  acid,  490 
Diathjl  -  metllyl  •  earbiool, 

180 
Diethyl  -  methyl  -  EDlphiae 

iodide,  173 
Diethyl-oxamide,  482 
Diethyl  phosphine.  210 
Diethyl    phoaphinic   add, 

214 
Diethyl  ■  propyl '  owbinol, 

132 
Diethyl  snlphineoiide,  176 
Diethyl  eulphone,  176 
Diethyl  liioEyl,  178 
Diethyl  area,  197 
Digitaline,  724 
Digitalrotine,  724 
DiglyceriDc  atrahol,  397 
Diglycollamic  acid,  418 
WglycoUic  acid,  111 
Diheptyl-ncelic  acid,  261 
Diheiylketooe,  284 
DlbydroiyproptODic     acid, 

Diiodo-beoienea,  681 
Diiodobydrina,  396 
Diiodosalicylic  add,  631 
DiiBoamyl,  112 
DiieoamylHmine,  186 
Dii  loamy  1  •oxalic  acid,  440 
Diisoamyl-phoapbioe,  310 


Binitrotartanc  acid,  628 
Dinitrotetrachlor     ethane, 

475 
Dioxindol,  672 
Dioxybenzoic  acid,  633 
Dioxymethylene,  257 
Dipalmitin,  401 
Diphenic  acid,  680 
Diphenol,  677 
Diphenyl,  674 
Diphenyl,  amido-,  675 

—  brom-,  676 

—  chlor-,  676 

—  nitro-,  676 
Diphenji-acctic  acid,  684 
DiphenjlamiDe,  571 
Diphenyl  benzenes,  696 
Diphenylbenzhydrol,  702 
Diphenyl  carbinol,  678 
Diphenyl  carbondichloride, 

679 
Diphenyl    carbonic     acid, 

679 
Diphenylene  carbinol,  679 
Diphenyl-cyanamide,  574 
Diphenyl-diphonylene  car- 
binol, 702 
Diphenyl  -  diphenylene  - 

ketone,  702 
Diphenyl-diphenylene  me- 
thane, 702 
Diphenylene       dicarbonic 

add,  680 
Diphenylene  dicyanide,  680 
Diphenylene      disulphonic 

acid,  677 
Diphenylene  hydrate-ethy- 

lene,  684 
Diphenylene  hydrate  -  tri- 

chlorethane,  684 
Diphenylene  ketone,  679 
Diphenylenemethane,  679 
Diphenylene  oxide,  677 
Diphenylethane,  683 
Dipbenylethjiene,  688 
Diphonylglycollic  acid,  684 
Diphenyl-guanidine,  674 
Diphenyl- hydrazine,  679 
Diphenylketone,  678 
Diphenylmethane,  677 
Diphenyl  oxazide,  679 
Diphenyloxide,  668 
Diphenylphenylene       me- 
thane, 696 
Diphenylsnccinic  acid,  686 
Diphenylsulphide,  669 
Diphenyl  snlphonic  acids, 

677 
Diphenyl-sulph-nrea,  673 
Diphenyltolylmethane,  700 
Diphenylnrea,  673 
Diphosphortetramelhyl, 
216 


INDEX. 

Dipropargyl,  643 
Dipropyl  carbinol,  130 
Dipropyl  ketone,  283 
Dipyndine,  618 
Disacryl,  447 
Distan  hexethyl,  239 
Distan  tctrethyl,  238 
Distearin,  401 
Disulphethiolic  add,  317 
Disnlph-hydrin,  402 
Ditolyl,  680 
Ditolylcarbinol,  685 
Ditolylethane,  686 
Ditolylketone,  684 
Ditolylmethane,  684 
Dodecane,  113 
Dceglic  acid,  469 
Dragon's  blood,  734 
Dry  distillation,  63 
Doldte,  493 
Durene,  609 
Dorylic  acid,  638 
Dynamite,  398 
Dyslysine,  748 

Ecognine,  745 
Egg  albnmin,  756 
Elaic  acid,  468 
Elaidic  acid,  468 
Elastin,  763 
Elemi-resin,  734 
EUagic  acid,  636 
EmiUsin,  761 
Eosine,  701 
Epiethylin,  397 
Epichlorhydrin,  396 
Epi-haloid-hydrins,  396 
Ericinol,  725 
Ericoline,  726 
Erucic  add,  469 
Erythrin,  642 
Erythrite,  450 
Erythrite      dichlorhydrin, 

451 
Erythritedibromhydrin, 

451 
Erythroglycol,  461 
Eryt  hroxy  -  anth  raqtiinone, 

689 
Eserine,  746 
Ethal,  132 
Ethane,  107 
Ethanes,  100 
Ethenyl  bromide  ethylates, 

381 
Ethenyl  chloride  ethylates, 

380 

—  hydrate  ethylates,  381 

—  triacetate,  382 

—  tribromide,  380 

—  trichloride,  380 

—  triethylate,  382 
Ether,  147 


77d 

Ethereal  salts,  364 
Etherine,  289 
Etherol,  289 
Ethers,  formation  of,  141 

—  compound,  149 
Ethinyl  compounds,  462 
Ethionic  add,  315 

—  anhydride,  316 
Eth-meth-cu!etic  add,  367 
Eth-meth-oxalic  acid,  438 
Ethoxy acetic  acid,  418 
Ethozylactic  acid,  429 
Ethyl-acetamide,  377 
Ethylamine,  186 
Ethylammonic       chloride, 

185 
Ethyl  aniline,  671 
Ethyl-benzene,  604 
Ethyl-benzoie  acids,  637 
Ethyl  carbinol,  124 
Ethyl  creatinine,  424 
Ethyl-crotonic  add,  467 
Ethyl  diaceUmide,  878 
Ethyl  diformamide,  377 
Ethyl  -  dimethyl  -  benzene 

609 
Ethyl  dimethyl    carbinol, 

128 
Ethylene,  288 
Ethyleneamine  compounds, 

317 
Ethylene    arsonium    com 

pounds,  322 
Ethylene  bromiodide,  297 

—  chloriodide,  297 

—  diamine,  318 

—  dibromide,  295 

—  dichloride,  294 

—  dicyanide,  480 

—  diiodide,  296 

—  diethylate,  312 

—  diethyl  ketone,  444 

—  dinitrate,  313 

—  dinitiyl,  324 

—  diphenyl  diamine,  571 

—  diphenyl  ether,  668 

—  ethyl  ether,  312 

—  ethylidene  oxide,  310 

—  glycol,  301 

—  hydrate  acetate,  370 

—  hydrate  amine,  820 

—  hydrate  bromide,  308 

—  hydrate  chloride,  807 

—  hydrate  cyanide,  438 

—  hydrate  iodide,  808 

—  hydrate  ethylate,  312 

—  hydrate  sulphate,  312 

—  lactic  acid,  433 

—  metal  compounds,  826 

—  oxide,  310 

—  phosphonium  bases,  326 

—  sulphide,  814 

—  stdphonie  adds,  816 
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Fonnanilide,  572 
Formates,  347 
Formic  acid,  845 
Formic  aldehjrde,  25G 
Formionitril,  885 
Formyl  diamine,  337 

—  dibromiodide,  331 

—  dichloriodide,  331 

—  tribromide,  331 

—  trichloride,  330 

—  triethvl-ether,  335 

—  tri-iodide,  331 
Formula,  constitutional,  23 

—  determination  of,  13 

—  molecular,  14 

—  rational,  22 
Frangulic  acid,  691 
Frangulin,  691 
Fraxetine,  722 
Fraxine,  721 
Fruit  sugar,  507 
Fuchsine,  698 
Fulminates,  477 
Fulminuric  acid,  479 
Fumaramide,  521 
Fumaric  acid,  520 
Furfurine,  551 
Furfurol,  550 
Furfuiyl  alcohol,  551 


Gseidic  acid,  468 
Gallem,  702 
Gallic  add,  634 
Galline,  702 
Garancine,  693 
Gentianine,  730 
Gliadin,  761 
Globulins,  757 
Gluconic  acid,  520 
Glucosan  or  glycosine,  444 
Glucose,  504 
Glucosides,  505 
Glucosine,  444 
Glutamic  acid,  502 
GluUric  acid,  488 
Gluten,  760 
Gluten  casein,  760 
Gluten  fibrin,  761 
Glutin,  753 
Glyceramine,  403 
Glyceric  acid,  469 
Glycerine,  391 
Glycerinphosphoric     acid, 

398 
Glyceriniodopropionic  acid, 

434 
Glycerin-sulphonic     acids, 

403 
Glycerin-«ulphuric       acid, 

398 
Glyceryl  compounds,  389 
Glyceryl  ether,  896 


INDEX. 

Glyceryl  hydrate  dicarbonic 

acid,  502 
Glyceryltricarbonic      acid, 

547 
Glycine,  416 
Glycocine,  416 
Glycocholic  acid,  747 
Glycocyamidine,  422 
Glycocyamine,  422 
Glycogen,  516 
Glycolacetal,  382 
Glycolamide,  415 
Glycolchlorhydrin,  807 
Glycollates,  ethereal,  412 
GlycoUic  acid,  411 
Glycollide,  413 
Glycolylimide,  419 
Glycoloxylurea,  420 
Glycols,  300 
Glycols,  aromatic,  618 
Glycoluramic  acid,  421 
Glycolyl-diamide,  419 
Glycolyl-uroa,  420 
Glycoluril,  538 
Glycyrrhetine,  724 
Glycyrrhizine,  724 
Glyoxal,  443 
Glyozaline,  444 
Glyoxylic  acid,  455 
Guaiacum,  733 
Gnaiacol,  589 
Ghiaiaretic  acid,  733 
Gtianidine,  90 
Ghianine,  540 
Qums,  516 
Gum  benzoin,  784 
Gum  lac,  734 
Gum  reeins,  734 
Gum  sugar,  508 
Gutta  percha,  735 


Hsemateine,  780 
Hsematino,  765 
Hsematoidin,  766 
Hsematozyline,  730 
Hsemin,  765 
Hemoglobins,  764 
Halogens,  detection,  3 
Halogens,  estimation,  1 1 
Harmaline,  746 
Harmine,  746 
Helleborei'ne,  724 
Helleboresine,  724 
Helleboretine,  724 
Helleborine,  724 
Hemimellitic  acid,  657 
Hemipinic  acid,  789 
Heptanes,  111 
Heptylone,  292 
Heptylic  alcohols,  180 
Heptylic  cyanide,  886 
Heptoic  acid,  359 


781 

Herepathite,  741 
Hezachlorbenzeue,  597 
Hezethylen  e  alcohol  ,312 
Hoxahydrozy  diphenyl,  677 
HexanLethene      tetramine, 

271 
Hezamethyl-benzene,  609 
Hexanes,  110 
Hezdecane,  113 
Hexene  glycols,  305 
Hexoylene,  450 
Hexylenes,  292 
Hezylene  oxide,  311 
Hezylic  alcohols,  129 
Hezylic  acetate,  367 

—  butyrate,  368 

—  caproatc,  368 

—  chloride,  136 

—  cyanide,  836 

—  iodides,  138 
Hippuric  acid,  624 
Homocuminic  acid,  638 
Homopyrocatechin,  603 
Homology,  38 

Homy  tissues,  763 
Hyaenic  acid,  362 
HyaUne,  726 
Hydantoic  acid,  421 
Hydantoin,  420 
Hydracetamide,  272 
Hydraciylic  acid,  434 
Hydralizarine,  690 
Hydratropic  acid,  637 
Hydrazines,  aromatic,  578 

—  fatty,  188 
Hydrazo-benzene,  576 
Hydrazo-benzoic  acid,  628 
Hydrindic  acid,  672 
Hydrobenzamide,  615 
Hydrobenzoin,  682 
Hydrocaffoic  acid,  643 
Hydrocinnamic  acid,  637 
Hydrochloranilic  acid,  508 
Hydrochrysammide,  692 
Hydroc<Broulignone,  677 
Hydrocobalticyanic     acid, 

65 
Hydrocotamine,  740 
Hydrocoumaric  acid,  640 
Hydrocyanic  acid,  59 
Hydrogen,  detection,  2 

—  estimation,  3 
Hydroferricyanic  acid,  69 
Hydroferrocyanic  add,  67 
Hydromeconic  add,  555 
Hydromellone,  86 
Hydromuconic  acid,  523 
Hydroparacoumaric     add, 

640 
Hydrophthalic  acids,  654 
Hydroquinone,  590 
Hydroquinonepbthalein, 

702 
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Hjdro0oriyie 
Hjdfux J  bcuKn^,  567 
Hjdnrxjbfatjnc  aeidi,  435 
HjdnzTC^iroic  add*,  438 
HjdpoxycmprrUc  ».rM»,  43d 
HjdrozjcincAmic  acid,  ^9 
HjdnAjdiethacetic      acid, 

678 
Hydiozj  •^cthyl-botjric 

acid,  440 
Hydroxy  -  di  phenyl     me- 
thane. 678 
Hydroxy  fitty  adds,  405 
Hydroxy  glotarie  add,  502 
Hydroxyiiobutyric      add, 

436 
Hydroxymaleic  add,  546 
Hydroxymalonie  add,  497 
Hydroxy  a-methyl-bntyrie 

acid,  438 
Hydroxy  o-methyl  -  ethyl- 

Imtyric  acid,  439 
HydroxyoenaDthoic     acid, 

439 
Hydroxyoleic  add,  468 
Hydroxypyrotartaric  adds. 

501 
Hydroxysncdnic  add,  500 
Hydroxy-toluic  adds,  639 
Hydroxjrraleric  acid/f,  437 
Hydnrilic  add,  537 
Hyocholic  add,  748 
Hyodyilytine,  748 
Hyoglycocholic  add,  748 
HyoMyamine,  745 
Hyotaurocholic  acid,  748 
Hypogeic  add,  468 
Hypoxanthine,  541 


Indicao,  668 
Indiglocin,  668 
Indigo,  668 
Indigoblne,  669 
Indigo  carmine,  670 
Indigotine,  669 
Indigo-sulphonic  acida,670 
Indigo  white,  669 
Indine,  672 
Indol,  672 
Inoaite,  508 
Inoline,  515 
Invonion,  509 
Inyertangar,  510 
Iodine  green,  699 
Iodine  triac(?tate,  373 
lodo'acetic  acid,  410 
lodoacet^l,  363 
lodoanilme,  585 
lodobonzene,  567 
Iodoform,  331 
lodohydrin,  305 
lodopropionic  aoid,  434 


IiaUyleoa,  44t 
Iaticadd,671 
Iiatine,  670 

—  chlor-.  671 

—  dichlor-.  671 

—  talpfaonic  add,  671 
Iaatrr>pic  acid,  647 
laatyde.  671 
laoamylaminea,  185 
laoamyl     antimooj 

poooda,  230 
Iiounyl-benanie,  6<M 
Isoamyl-dimethyl ' 

609 
laoamylane,  291 

—  dibromide,  300 

—  dichloride,  300 

—  dinitiyl,  325 

—  glycou,  305 

—  hydrate  chloride,  308 

—  oxide,  311 
laoamylic  acetate,  367 

—  alcohols,  128 

—  allophanate,  164 

—  bromides,  137 

—  borate,  158 

—  carbamate,  163 

—  carbonate,  160 

—  cyanide,  336 

—  ether,  148 

—  formate,  366 

—  hydric  solphate,  153 
' —  isocyanate,  194 

—  isocyanide,  193 

—  isoealphocyanate,  201 

—  ieovalerate,  368 

—  nitrate,  150 

—  nitrite,  151 

—  persolphide,  169 

—  phoephite,  157 

—  silicate,  159 

—  solphide,  168 

—  Bulphocjranate,  170 

—  thio-alcohol,  167 
Isoamylidine      dichloride, 

252 

—  sulphide,  268 
Isoamyl-glycerine,  403 
Jsoamyl-phenyl-ether,  568 
Isoamyl-phosphine,  209 
Isobatene  glycol,  305 
Isobatenyl  compounds,  383 
Isobutylamine,  185 
Isobutyl-benzene,  604 
Isobntyl-carbinol,  128 
Isobutyl-di  methyl  carbinol, 

131 
Isobutylene,  290 

—  dibromide,  299 

—  dichloride,  299 

—  glycol,  305 
Isobutyl  ether,  148 
Isobutyl-ethyl  ether,  148 


biaol,  ISI 


—  micohol.  125 

1,163 
160 


—  eymnide.  396 

—  ether,  14S 

—  iaobatyzate,  367 

—  Bitzmte,  IM 

—  ozBUte,  481 

—  pvoptooate,  367 

—  salpliide,  168 
Inbiitjl  isottniyl,  11 
Isobotyl-BMChyi  etbi 


Isobot jl<-mdpkiina, 
Isobnt  jnndde.  378 
Isobatyric  mod,  355 

—  aldf^ii jde,  262 
laobntyrune,  2S3 
laobatyTonhzil,  335 
laocsproie  addL  358 
laocmpronitiil,  336 
laoerotonie  add,  461 
iBocymn  -  phenyl  -di 

575 
lao^mene,  608 
leodinaphthyi,  716 
leodnlcite,  494 
Isodichlor  glydd,  44 
Isaenanthjlic  ae^  9 
iMthkmic  add,  316 

—  chloride,  817 
Imheptane,  111 
Isohexane,  a^  111 
--/5,  111 

Isohezyl-earhinol,  1 
Isohexjl-benaene,  6 
leoh  jdrobenaotn,  68 
Isomerism,  85 
Isomerism,  geometri 

—  phjaical,  87 

—  stractnral,  86 
Iso-orcin,  603 
I«>-octylic  acid,  36C 
IsopentaDe,  110 
Isophth&lic  add,  65 
laopinic  add,  740 
Isopropyl-acrylic  ae 
IsopropyUmine,  IK 
Isopropjl-benzene,  ( 
Isopropyl  -  ethyl  - 

carbinol,  131 
Isopropyl  carbinol. 
Isopropjlic  acetate, 

—  alcohol,  124 

—  bromide,  137 

—  butyrate,  367 

—  chloride,  136 

—  cyanide,  385 

—  ether,  148 


Isopropylic  iodide,  138 
—  sulphocyaoate,  1G9 
Isopropyl-malonic  acid,  490 
Isopropyl-phospliine,  209 
Isopurpuric  acid,  740 
Isouvitic  acid,  656 
Iflopyromucic  acid,  550 
Isosuccinic  acid,  485 
Isovaleramide,  379 
Isovaleric  acid,  357 
Isovaleric  aldehvde,  263 
Isovaleric  anhydride,  372 
Isovaleronitril,  336 
Isovalerylene,  449 
Isozylidic  acid,  656 
Isuret,  337 
Itaconic  acid,  522 
Ita  -  dibrom  -  pyrotartaric 

acid,  530 
Itamalic  acid,  501 


Jalapic  acid,  723 
Jalapine,  722 
Jalapinol,  723 
Jalapinolic  acid,  723 
JerviDe,  748 


Keratine,  763 
Ketones,  aromatic,  617 
—  fatty,  276 
Ketonic  acids,  457 
Ketones,  101,  250,  275 
Kosine,  730 


Lactamide,  430 
Lactates,  427 
Lactic  acids,  425 
Lactic  anhydrides,  427 
Lactide,  427 
Lactimide,  431 
Lactonic  acid,  520 
Lactose,  507 
Lactozylgoanidine,  431 
Lactozyl  urea,  431 
Lacturamic  acid,  431 
Lffivalosan,  507 
Lffivnlose,  507 
liintanaric  acid,  539 
Landamine,  740 
Landanosine,  740 
Laurie  acid,  360 
Laurie  aldehyde,  263 
Laurinol,  665 
Lead  all^l  compounds,  241 
Lecanoric  acid,  642 
Lecithin,  401 
Legumin,  760 
Lepargylic  acid,  490 
Lepidiae  cyanine,  742 
Leucaniline,  699 


INDEX. 

Leucine,  438 
Leucic  acid,  439 
Lichen  acids,  727 
Lichenine,  515 
Lichenstearic  acid,  727 
Lithofellic  acid,  748 
Lophine,  615 
Luteoline,  728 
Lutidine,  518 


Maclurine,  728 
Magdala  red,  710 
Magnesium  diethyl,  249 

—  dimethyl,  249 
Malachite  green,  696 
Malamide,  499 
Malates,  497 
Malei'c  acid,  521 
Malei'c  anhydride,  521 
Malic  acid,  497 
Malonic  acid,  485 
Malonyl  urea,  537 
Maltin,  761 
Maltose,  512 
Mandelic  acid,  630 
Mannitan,  498 
Mannite,  491 

Mannite  dichlorhydrin,  492 

—  nitrate,  492 

—  sulphuric  add,  492 
Mannitic  acid,  520 
Mannitose,  492 
Margaric  acid,  361 
Margaronitril,  386 
Marsh  gas,  105 
Mastic,  734 

Matricaria  camphor,  666 
Mauveine,  700 
Meconic  acid,  554 
Meconidine,  740 
Meconine,  739 
Melam,  85 
Melamine,  83 
Melampyrite,  493 
Melanine,  766 
Melanurenic  acid,  84 
Melene,  202 
Melilotic  acid,  640 
Melitose,  512 
Melizitose,  511 
Mellimide,  659 
Mellisic  acid,  362 
Mellisyl  alcohol,  13 

—  mellisitate,  368 

—  palmitate,  368 
Mellitic  add,  659 
Mellone  compounds,  85 
Mellophanic  acid,  658 
Melting  points,  43 
Menthene,  668 
Menthol,  668 
Mercaptans,  166 
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Mercaptidea,  167 
Mercuric  cranide,  95 

—  cyano-chloride,  95 

—  formate,  348 

—  fulminate,  478 
Mercury  diethyl,  245 

—  di-isoamyl,  245 

—  di-isobutyl,  245 

—  di-methyl,  244 

—  dinaphthyl,  713 

—  di-pbenyl,  681 

—  di-propyl,  245 
Mesaconic  acid,  523 
Mesa  -  dibrom  -  pyrotartario 

acid,  530 
Mesamalic  acid,  502 
Mesitylene,  608 
Mesitylenic  acid,  637 
Mesityl  oxide,  280 
Meso-camphoric  acid,  667 
Mesotartaric  acid,  529 
Mesoxalic  acid,  530 
Metacrolei'n,  447 
Meta  compounds,  see  under 

original  compoimds,  e.g. 

metadibrom  -    benzene, 

under  dibrom-benzene 
Metacymene,  608 
Metaldehyde,  261 
Metallic  alcoholates,  140 
Metamerism,  35 
Metarabin,  517 
Metatartaric  acid,  529 
Methacrylio  acid,  466 
Methane,  105 
Methene  diacetate,  369 

—  dibromide,  252 
~  dichloride,  252 
^  diiodide,  252 

—  dimethylate,  264 

—  diphenyl,  678 

—  disulphonic  acid,  269 

—  hydrate  sulphonic  add, 
270 

—  iodo-triethyl  phosphonic 
iodide,  274 

—  oxide,  266 

—  sulphocarbonate,  268 
Meth-eth-acetic  add,  857 
Methionic  add,  269 
Methoxy-«M»tic  add,  413 
Methylal,  264 

Methyl  alizarine,  694 
Methylamine,  184 
Methyl  ammelide,  165 
Methyl-amyl-carbinol,  130 
Methyl-emyl-ketone,  288 
Methyl-aniline,  571 
Methyl-ftuthracene,  693 
Methyl  anthraquinone,  694 
Methyl-brum>Acetol,  281 
Methyl-butyl  carbinol,  129 
Methyl  butyl  ketone,  282 


I 
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Methyl  carbinol.  121 
Methjl  chlon£et»l.  280 
Methjl-coDine.  736 
Metbyl-crc'tonic  acid.  466 
Methvl  -  dibeptjl  -  carbin- 

ketone,  284 
Methyl-ethyl-etbene.  29*2 
Mcrtlivl  •  etbjl  -  ifioamyl  - 

amine.  187 
Metbyl-«thyl-ketone.  281 
Methjl -ethyl-area.  197 
Metbyl-glycocine.  420 
Metbyl-glyoocyamidine, 

423 
Methyl  glycocTamine.  422 
MGChyl-gnaDidiDe,  202 
Methyl-heptailecyl-ketone, 

284 
Met  hyl-heptyl-carbi  nol, 

132 
Methyl-hezyl-acetic    acid, 

360 
Methyl-hezyl-carbinol,  131 
Methyl-hezyl-ketone,  283 
Methyl-hydantoic  acid,  421 
Methyl-bydantoiD,  421 
Methyl  -  hj-droxy  -  tmccinic 

acid,  502 
Met  hylic  acetate,  366 

—  alcohol,  120 

—  allophanate,  164 

—  arsenate,  158 

—  arsenite,  158 

—  benzoate,  623 

—  l>orate,  158 

—  bromide,  137 

—  butyrate,  366 

—  carbamate,  163 

—  caproate,  367 

—  chloride,  135 

—  chlorocarl»oiiiite,  161 

—  cyanide,  335 

—  cyanurate,  165 

—  ether,  146 

—  formate,  366 

—  hyilric  sulphate,  153 

—  iodide,  138 

—  isocyanate,  194 

—  isocyanide,  193 

—  iaosalphocyanate,  201 

—  isovaleratf,  367 

—  mercaptan,  167 

—  nitrate,  150 

—  nitrite,  151 

—  oxalate,  481 

—  salicylate,  630 

—  solenide,  177 

—  sulphate,  154 

—  sulphide,  168 

—  sulphocarbonate,  1 70 

—  Bulphocyanate,  169 
Methyl  •  isoamyl  -benzene, 

608 
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Methyl  -  ifb>amyl-earbiDolp 

130 
M  et  hyl-isoAmyl-ketone,28  3 
Methyl  -  isopropyl  -  acetic 

add,  358 
MethyUiflopropyl  carbiool. 

128 
Mf  thyl  -  ianprcipvl  -  ether, 

148 
Methyl  -  isopropyl  -  ketone, 

282 
Methyl  -  ibopropyl  -  phos  - 

phine,  210 
Methyl-foalonic  acid,  486 
Methyl-naphthalene,  714 
Methyl-nonyl  ketone,  283 
Methyl-octyl  ketone,  283 
Methyl  penta-decyl  ketone, 

284 
Methyl-phenyl-acetic  acid, 

638 
Methyl-phosphine,  209 

^chloride,  209 

iodide,  209 

Methyl  •  phosphinic    acid, 

215 
Methyl  -  propyl    a  -  dicar- 

boxylic  acid,  489 
Methyl  -  propyl    carbinol, 

127 
Methyl  propyl  ether,  148 
Methyl  propyl  ketone,  282 
Methyl-pyrocatechin,  589 
Methyl-quinone,  592 
Methyl-salicylic  acid,  630 
Methyl-succinic  acid,  489 
Methyl-sulphinic  acid,  1 74 
Methyl-sulphonic  acid,  176 
Methyl-solphonic  chloride, 

176 
Methyl  toUurido,  177 
diethyl  -  tridecyl     ketone, 

284 
Motliyl  -  trimethyl  -  carbin 

carbinol,  130 
Methyl  -  trimethyl  -  carbin 

ketone,  283 
Methyl-undccyl  ketone,  284 
Methyl-uramine,  203 
Methyl-urea,  197 
Milk  8u<^ir,  511 
Myricylic  alcohol,  133 
Molecular  volume,  40 
Munacetin,  400 
Monethyl  glycol  ether,  312 
Monobrombutyleno,  885 
Monobrom  hydrin,  394 
MoDobrompropylene,  384 
Monobromsaccinic  acid,  500 
Monochloracetone,  385 
Monochloraldehydo,  381 
Monochloraldehyde  alcoho- 

lato  381 


Monoehlonvtlur.  1^ 
MoDOchlorteth  jl  eti 
Monocfalorfajdrin, 
Monochlorpropjlei 
MonoformiiL  400 
Moooiodhydrin,  Z\ 
Monopalmitio.  40] 
Monoste&rin.  401 
MoDosulphhydriQ, 
3Ioiiot  h  i  onrethan, 
Morine,  728 
Morphine,  788 
Mucedin,  761 
Mucie  acid.  549 
Mucin,  762 
Mucobromie  acid, 
Mnoonic  acid,  545 
Morexide,  536 
Myosin,  758 
Myristiool,  666 
MTriatic  acid,  360 
Myristie  aldehyde, 
Mjristic  anhydridi 
Mjronic  acid,  725 
Mjrosin,  762 


Naphthalene,  705 

—  amido-,  709 

—  amido-aio-,  710 

—  bxom-,  708 

—  carbonic  acids, 

—  chlor-,  707 

—  diamido,  709,  7 

—  diaso-,  709 

—  diazo-amido,  70 

—  dibiom,  708 

—  dicarbonic  acidi 

—  dichlor-,  707 

—  dichioride,  707 

—  dicyano,  715 

—  dinitro-,  709 
~  dioxy-,  712 

—  disulphonic  aci< 

—  iodo-,  708 

—  nitro,  708 

—  pentabrom,  708 

—  penta  chlor.  701 

—  per-chlor,  708 

—  sulphonic  acids, 

—  t«trabrom,  708 

—  tetrachlor,  708 

—  tetranitro,  700 

—  tetrabydride,  7( 

—  tribrom,  708 

—  trichlor,  707 

—  tpi hydroxy,  713 

—  trinitro,  709 

—  yellow,  711 
Naphthalic  acid.  7 

—  anhydride,  716 
Naphthalidene,  70 
Naphthazarine,  71 


Naphthoic  adds,  714 
Napbthohydroqninone,  712 
Naphthois,  711 

—  diimido-,  711 

—  dinitro-,  711 

—  h^drazo-,  712 

—  nitro-,  711 

—  nitroso-,  711 
Kaphtboquinone,  712 

—  dichlor-,  713 

—  dihydroxy-,  713 

—  hydroxy-,  718 

—  trihydroxy-,  718 
Naphthoyl  chloride,  714 
Naphthyl  acetate,  711 
amine  cyanide,  714 

—  -ethyl  ether,  711 
Narceine,  740 
Narcotine,  739 
Neurine,  822 
Nickelous  cyanide,  66 
Nicotic  add,  737 
Nicotine,  736 
Nitraniline,  684 
Nitroanthraquinone,  688 
Nitrobenzene,  670 
Nitrobenzoic  acids,  682 
Nitrobromoform,  332 
Nitrochlorofonn,  882 
Nitrocinnamic  acida,  648 
Nitrococcic  acid,  724 
Nitroethane,  206 
Nitroerythrite,  460 
Nitroform,  381 
Nitrogen,  detection,  2 

—  estimation,  8 
Nitrofflycerine,  397 
Nitroisopentane,  206 
Nitro-lactic  acid,  428 
Nitromethane,  206 
Nitroparaffins,  204 
Nitrophenols,  687 
Nitropropane,  206 
Nitroprosside    compounds, 

69 
Nitrosodiethyline,  186 
Nitrosodimethyl  -  aniline, 

685 
Kitrosomalonyl  urea,  638 
Nitrotolucnes,  601 
Nonanes,  112 
Nonylic  alcohols,  132 
Nonvlic  acids,  360 
Nucleio,  704 

Octanes,  112 
Octylene,  293 

—  glycol,  306 

—  nydrato-chloride,  808 

—  oxide,  311 
Octylic  alcohol,  131 

—  acids,  369 

—  bromide,  187 
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Octylic  chloride,  187 

—  cyanide,  336 

—  iodide,  139 
Oils,  ethereal,  666 

—  fatty,  399 

—  drying,  399 
Oleic  acid,  468 

Oleic  series  of  adds,  462 
GSnanthoic  acid,  869 
CEnanthoic  aldehyde,  268 
CBnanthol,  263 
CEnanthone,  284 
GSnanthonitrile,  336 
(Enanthylic  alcohol,  130 
Olefines,  286 
Olibanum,  734 
Ononioe,  726 
Opianic  acid,  739 
Opinic  acid,  740 
Opium  bases,  737 
Orcin,  603 
Oreoselin,  729 
Oresolon,  729 
Oroselon,  729 
Orsellinic  acid,  641 
Ostruthine,  729 
Oxalantine,  484 
Oxalates,  481 
Oxalic  add,  479 
Oxaluramide,  484 
Oxaluric  add,  484 
Oxatoluic  add,  727 
Oxalyl  urea,  488 
Oxamide,  482 
Oxamic  add,  482 
Oxanilic  acid,  672 
Oxanilide,  672 
Oxindol,  672 
Oxonic  acid,  689 
Oxyacanthine,  748 
Oxyacetai,  382 
Oxyaldehyde,  381 
Oxyanthraquinone,  689 
Oxybenzoic  adds,  631 
Oxychlor  ether,  381 
Oxycinchonine,  741 
Oxygen,  estimation  of,  13 
Oxy haemoglobin,  765 
Oxyisouvitic  acid,  657 
Oxymesitylenic  acid,  640 
Oxymethy  Ipheny  Iformic 

acid,  639 
Oxymorphine,  788 
Oxypicric  acid,  697 
Oxyproteins,  766 
Oxysalicylic  acid,  682 
Oxytrialdine,  273 
Oxytetraldioe,  272 
Oxytoluic  acids,  639 
Ozocerite,  734 

Palmitamidc,  379 
Palmitic  add,  360 

3b 
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I^lmitolic  add,  496 
Palmitic  aldehyde,  26i 
Palmitoxylic  acid,  49G 
Pancreatin,  762 
Papaverine,  739 
Parabanic  acid,  483 
Paraconic  acid,  601 
Paraconine,  736 
Paracoumaric  acid,  650 
Paiacyanogen,  90 
Paradatiscetine,  722 
Paraffins,  100 
Paraglobulin,  768 
Paralbumin,  760 
Paraldehyde,  261 
Paraisobutyric     aldehyde 

262 
P^ralactic  acid,  432 
Param,  116 

Paiamethyl  aldehyde,  257 
Paramudc  add,  649 
Paramylum,  615 
Paranthraceno,  680 
Paracompounds,  see  under 

original  compounds 
Pararosaniline,  695 
Parietic  add,  691 
Paroxy benzoic  acid,  631 
Panroline,  619 
Patchouli  camphor,  666 
Paytine,  742 
Pectin  substances,  617 
Pectose,  618 
Pelaigonic  acid,  360 
Pelargonic  anhydride,  372 
Pelargonitrile,  836 
Pentfi^or  ether,  148 
Pentadecylic  add,  360 
Pentamethyl  arsine,  218 
Peutanes,  110 
Pentene  glycols,  306 
Pentylic  alcohols,  126 
Pepsin,  762 
Peptones,  766 
Perchlor-benzene,  697 
Perchlor-etliane,  476 
Perchlor-ether,  148 
Perchlor-ethylether,  476 
Perchlorethyleno,  475 
Perchlor  -  ethylic    acetate, 

477 
Perchlor  -  ethylic  formate, 

476 
Perch  lormethy  1  ic    acot at  e, 

477 
Persulphocyanogen,  81 
Persulphodicyanic  acid,  80 
Peru  balsam,  734 
Peucedanine,  720 
Phonacrylic  acid,  646 
Phenallyl  alcohol,  646 
Phenanthrene,  717 
—  brom-,  717 


Fhennnlhrene,       cacbonic 
nculs,  718 

—  Jilironiids,  717 

—  hyiiroquinoiie,  718 

—  •ulplionie  acid,  718 

—  t«tr»hydrid«,  717 
PhenHnthniquiaDDa,  718 

—  dibnim-,  718 

—  dinitro-,  718 
t'licQHiithrul,  718 
I'hFii-Kthjl  Hlcoholn,  613 
Mioii-etliyl  cjanida.  637 
Pliua-ethjl  tuelhjl  keloDP, 

618 
Phanul,  667 
_  Hmido-,  £B7 

—  umido-hydraio-,  696 


fisa 
-,693 


dicarbonic  ncid,  SS6 

—  dichlop-,  fi93 

—  diiodo-,  693 

—  dinitroamido-.  £96 
-^  disulphooic  acid,  fi9S 

—  iodi^,  C>S6 

—  nitro-,  C87 

—  nicro-diainido-,  fi96 

—  nitroso-,  667 

—  plithoirfn,  701 

—  lulphonic  acid,  fiS8 

—  tpiamido-,  898 

—  tribrom-p  696 

—  tricarbonic  acid,  667 

—  triiodo-p  696 

—  trioitro-p  696 
FhenoquiDonOp  691 
Phenou,  667 
Pbenyl-ftcetie  acid,  636 
Phenyl  -  BC«tic    aldehyde, 

816 
Phenjl-^cetylane.  6IS 
Fheuyl-Bcrjlic  acid,  616 
PhenyhiminB,  57 H 
PhenyUngelic  acid,  661 
PhenyUrBou  chloridSp  682 

oiidBp  ft82 

FheoylittM,  668 
riieDyl-boDEHDiids,  G!i 
Phcnyl-benHiic  acid,  679 
Phrriyl-bBDzvl  kelone,  683 
Phenjl-bunieiiB,  02O 
Phtnil-carbaniatB,alhylic, 

573 
Phenyl   -   carbammonium, 

576 
Pheayl  csrbnziuic  acid,  679 
Phenyl  chlorido,  5fl7 
Phcnyl-crobonio  acid,  651 
Pli«njl-c;aDamide,  673 
I'henyl-cyanide,  626 
Phenyleno  -  diacotic    acid, 
0.^0 


INDEX. 

PhMiylsDC-di  amine,  58 A 
Phenylane  dicTanidea,   666 
Phenyl  Btber,  668 
Phenyl  ethyl-ketone,  617 
Phenjl-glycoUic  add,  638 
Phenyl  gnaaidinep  574 
Fbeny  l-Salogeo  lactic  addi , 

flie 

Phenyl  hydnzins,6T8 
PheDyliwbiLCyl  ketone.  617 
■phenyl  iaoeyanide,  6T5 
Phenyl   isoprupyl    kelooe, 

618 
Phenyl    iaoaulphocyauatep 

673 
PhenyUlactic  acid,  641 
Pheayl-marcaptan,  668 
Phenyl-melhyl  keUine.  S17 
Phenyl- naphthalidine.  709 
Phenyl  naphthyl  kelonea, 

718 
Phenyl-naphthyl  -methaua, 

716 
Phenyl  -  nitrosobydraiine, 

679 
Pheoyl-pbeoolp  677 
Phenyl-pheaylene    snlpho- 

nie  acid,  677 
Phenyl-phoephine,  580 
Phenyl  -  phuapbine    oxide, 

6B1 
Phenyl  -  phoaphinic    tctd, 

680 
Fhenyl-propiolie  add.  6S2 
Fhanyl-propionlc  acids,  6S7 
Phenyl-propyl  alcoholp  81 S 
Phenjl-propyl  ketonSp  818 
Phenyl-sucoinimiile.  672 
Phenyl  sulphiiiii:  add,  669 
Phenyl -aulpho  -carbazinii: 

acid.  679 
Pbenyl-snlphonic  add,  689 
Phenyl-sulphurea,  573 
Phenyl-tolupne.  679 
Phenyltolylketonea,  880 
Phenyl  urea.  673 
Phenyl  u  ret  bane.  673 
FhenyluD  thogenaniide , 

673 
Pblornmine.  694 
PLloretic  acid.  840 
Phbtetine.  641 
Pbluridiine.  64  0 
Phloroirlnool,  594 
Phlarolp  804 
Pbturone,  593 
Phcenicin    aulphuri 

670 
Phurone,  280 
PliOHphenyl  chloride,  680 
Pbospbenylic  acid,  660 
Fhoaphiaes,  primary,  209 
—  Bpcondary,  309  I 


Pinaooline,  283 
Pinncooa,  S06 
^uaoaiMs,  436 
PinalM  acid,  S67 
Pinipicrina,  734 
Pinite,  494 
Piparie  acid,  744 
Piperidiae,  744 
KperiDe,  748 
PipcTODit],  616 
Pip*ponjlio  acid.  61 
Platinum  cyanide* 
FInmbic  acetate,  3S 

—  format*,  348 
Polyetfaylflnic  alcohi 
Polymeriani,  S5 
Pop  aline,  624 
FotasMia  ncdtntep  U 

—  &iiFicyanid«,  78 

—  annx^vnide.  T9 

—  BobalticTmnide,  6 

—  cjnnate,  76 

—  cyanide.  63 

—  ^rricjmaide,  68 

—  inrroeyBiiide,  06 

—  ox&lat«a,  481 

—  platinocyanide,  i 

—  aulphoeyanate,  7 
~~  ZKDthate,  170 
Prehnitio  acid,  658 
Primary  alcohola,  1 
PnpBxgyl  aloohoJ,  i 

—  oompotmda,  *71 
-- Bthyl  Bther,  471 
Proponyl  bromide  i 
Propei.yl  trichloride 
Fttipionamido,  376 
Propiono,  282 
Propionic  acid,  3U 

—  aideh^de,  863 


Propionic  anhydride,  372 

—  bromide,  364 

—  chloride,  364 

—  iodide,  364 
Propionitril,  336 
Propionyl-formic  acid,  470 
Propyl-acetylene,  446 
Propyl-acrylic  acid,  467 
Propyl-benzene,  604 
Propyl-carbinol,  125 
Propylene,  289 

—  chlor-bromide,  298 

—  dibromide,  298 

—  dichloride.  297 

—  diiodide,  298 

diisopropyl,  112 

— -  glycol,  303 

—  hydrate  bromide,  308 

—  hydrate  chloride,  308 

—  oxide,  311 
Propyl-ethyl-methyl     car- 

binol,  131 
Propylic  acetate,  366 

—  alcohols,  123 

—  bromide,  137 

—  carbamate,  162 

—  carbonate,  160 

—  chloride,  136 

—  chlorocarbonato,  161 

—  cyanide,  335 

—  ether,  148 

—  formate,  366 

—  iodide,  138 

—  mercaptan,  167 

—  oxalate,  481 

—  propionate,  367 

—  sulphide,  168 
Propylidene  dichloride,  258 
Propyl-isoamyl  ether,  149 
Propyl-  methyl -benzenes, 

607 
Propyl-methyl-quinone  592 
Proteids,  762 
Protein  substances,  752 
Protocatechuic  acid,  633 
Protocatechuic     aldehyde, 

616 
Protopine,  740 
Pmssic  acid,  59 
Pseudoamylene  glycol,  305 
Pseudobutylene,  291 
Pseudobutylene  dibromide, 

299 
Pseudocumene,  608 
Pseudodiallyl  alcohol,  404 
Pseudouric  add,  586 
Pseudoxanthine,  540 
Hyaline,  762 
Purpuric  acid,  586 
Purpurine,  692 
Pnrpurogallin,  594 
Purpuroxanthine,  692 
Putlrefaction,  65 


INDEX. 

Pyrene,  719 
Pyridine,  518 
Pyrocatechin,  589 
Pyrocatechin,    tetrabrom-, 

698 
Pyrocomenic  acid,  655 
i^gallol,  594 
I^rrogallol,  tribrom,  598 
Pyrogallolphthalein,  702 
Pyrogalloquinone,  602 
Pyroguajacin,  733 
Pyromellitic  acid,  657 
Pyromucic  acid,  660 
Pyroracemic  acid,  470 
Pyrotartaric  acid,  489 
Pyroterebic  acid,  468 
I^TOxylin,  613 
I^rrol,  651 
Pjrruvic  acid,  470 


Quassine,  732 
Quercetic  add,  722 
Qnercetine,  722 
Quartenylic  acid,  46C 
Quercimeric  acid,  722 
Quercitrine,  722 
Quinamine,  742 
Quinazarine,  691 
Quinhydrone,  591 
Quinic  acid,  636 
Quinicine,  742 
Quinidine,  742 
Quinine,  740 
Quinoidine,  742 
Quinoline  bases,  742 
Qui  noli  oe  cyanine,  742 
Quinone,  591 
Quinone,  tetrabrom,  598 
—  tetrachlor,  597 
QuinoTic  acid,  724 
Quinovine,  723 


Racemic  acid,  529 
Refraction  equiTalents,  51 
Besins,  732 
Resorcin,  689 
Resorcinphthalei'n,  701 
Retene,  719 
Retistene,  719 
Rhoeadine,  740 
Ricinoleic  add,  468 
Robinine,  722 
Rocellic  acid,  491 
Rosaniline,  698 
Rosolic  add,  698 
Rotary  nowder,  optical,  52 
Ruberruiric  add,  690 
Rubidln^  619 
Rufigallic  acid,  693 
Rufiopine.  693 
Rutine,  722 

8B2 


787 

Saccharic  acid,  548 
Saccharose,  509 
Salidne,  612 
Salicylamide,  630 
Salicylic  acid,  629 
Salicylic  aldehyde,  615 
Salicylide,  630 
Salicylous  acid,  615 
Saligeniu,  612 
Saliretin,  612 
Sautaline,  731 
Santonic  acid,  729 
Santonine-,  729 
Santonol,  729 
Sapogenine,  723 
Saponification,  149 
Saponine,  728 
Sardne,  541 
Sarcosine,  420 
Saturated  compounds,  83 
Scoparine,  729 
Sebacic  add,  491 
Secondary  alcohols,  115 
Selenoisoamylic   aldehyde, 

269 
Seridne,  470 
Serine,  753 
Serum  albumin,  757 
Shellac,  734 
Silicoheptane,  234 
Silicon    alkyl   compounds, 

232 
Silicon    ethyl    compounds, 

233 
Silicon  tetraacetate,  273 
Silicon  tetralkyls,  282 
Silicononylic  alcohol,  233 
Silicopropionic  acid,  236 
Silk  gelatin,  758 
Sinapine,  744 
Sinapic  acid,  745 
Sinapoline,  388 
Sincaline,  322 
Sinnamine,  389 
Smiladne,  732 
Sodic  ethylates,  141 
Sodic  acetate,  361 
Sodic  ferrocyanide,  67 
Sodic  sulphocyanate,  79 
Sodium  ethyl,  249 
Solanidine,  746 
Solanine,  745 
Sorbic  add,  495 
Sorbine,  508 
Sorbite,  494 
Sparteine,  737 
Spongin,  763 
Staicb,  514 
Stan-diethyl      compounds, 

238 
Stan  •  diphenyl  dichloride, 

681 
Stan-tetrethyl,  '240 


It 


^'!i 


768 

•<l'aric>I>lthTl«,  364 

.•iloiric  nd-i.  S6I 
iitnrolic  ni'l,  ■>*« 

StMrozjIic  aci-l,  -198 
Milbene.  6fll 

fflQTU.  731 

f>«r7chniD«.  Tt3 
Stjplinic  iicid,  697 

.St*rot«ne.  o-chlor,  SIO 

—  fl-cMor.  SI9 

—  dibn.mido,  ai» 

—  dichluri<]a.  eie 
~  di-iuliije.  flia 
Rtrronjl  compoiuidi,  613 
Stjiyl  nlobhol,  643 
Suberic  acid,  490 
SabeiualdehTdic  acid,  467 
Sued  iwlil  all  jdic  acid,  1S7 
Suociunmic  acid.  488 
SacriDnmidc,  487 
HaeciaHDil.  672 
Snccinic  acid,  487 

—  aldfhjda,  444 
Soccinic  snbTdride,  4S7 
Koccinimiilc,  487 
Harcinnric  acid,  488 
Succinjl  dieldoride,  4S7 
Kulphscetic  add,  416 
.Snlphiodiitotic  acid,  670 
HnlphitHljiU,  6T1 
Nulphobenzide,  670 

Sal pho-ben zoic  acid,  628 
Kalphocarbamic  acid,  SS 
.Salphncirbiiniliilp,  673 
tiulphncranogeD  com- 

DDda,  78 


Snlpht 
Sniplli 
—  «*tilnition.  12 
Snlphuno,  99 
flvnicer^t  alcohol,  013 
Sj'h'ic  acid,  733 
Syniiotliruir,  612 
liyanpX»a«,  761 
BTntonin,  76* 


TiirUric  acid,  626 
Tiirtmtci,  626 
Turtwnie  aciri,  497 
Tnrtronjl-uroii,  63S 
Tnurine,  S23 
Tnurocliolic  add,  747 
Tl'ctu['11T7Mn^  731 


601 


INDEX. 

Tertb^M.  663 

TttcUDlbcur.  664 

TenbcDiitic  acid.  663 

Tanbic  acid.  S03 

TtreHleiw.  6M 

Tenphthalic  acid,  665 

Tcrpcat,  662 

Terpiae.  664 

Tarpml.  «6I 

Ten  iaiy  alcohols,  116 

Teitiaiy  batflic  *lcoh(4, 
126 

Tetncblsr-etbrr,  147 

TctnethTlnw  alcohol,  313 

TetraetlirUmDxniic  iodide, 
1B8 

Talrmelhjlanooic  hjdrale, 
218 

TetralkrlammoDic  cod- 
poandii,  187 

TaltkUflaraonic  eom- 

poanda.  217 

Tatnmethjl  -  ammooie  io- 
dide, 137 

TctninethTl  -  anonic  hy- 
drate, 227 

TatnnutlijI-atiboDie  com- 
pooiidi,  337 


490 

TetnniylcDe,  391 

Tetnnitrometbaiia,  313 
TetiapheDol.  661 
TetrapheDjI-cIhsDe.  702 
Tetraph«njl-elh;laDa.  703 
Tetiaphca;!  mrlhane,   702 
Talnpheiijl-letraiOTi,   680 
Tetr»pho«pbor  -  dimeChjl. 

316 
TetieLhjl-tstnzoD,  100 
Tatrolic  acid,  498 
Tetruret,  98 
Thallium     dietfajl     eom- 

ponnda,  249 
Tbebaiaa,  739 
Thebtnine,  730 
Tbeohromini 


Thia< 


9,  281 


Thialdine.  273 
ThioHcetic  acid,  374 
ThioBldehydea,  268 
ThioalcohulB,  166 
ThioUnzoic  acid,  626 
Thiobntjric  acid,  374 
Tbiocarbamic  ncid,  98 
ThiocBrbnnilide,  673 
ThiocyaDogaD    coinponnd?, 

78 
Thio-digljcollic  acii 
Thio-elban,  167 
Thioftirii-rol,  6S1 


416 


- —  dinitro-.  Ml 

—  iodo-,  601 

—  nitro-,  601 

- —  mlphonic  aeid, 

—  trinitio-,  601 
Tolaie  «eida,  836 

—  aldohTda,  pal% 
ToloidinM,  601 
TolajIoiHw  681 
Tolajlene-diuiiw 
TulnrleiM  hvdnte 
Tatyl  alcohcS.  6IS 
Toljl-dipb«njl-i 

ortbo,  690 
Tolyl-diphenyl-i 
pira,  700 


Triaevtamide,  876 
Triacetin^,  400 
Triami(to-«BobanH 
Trismidophenol,  ( 
Triamylene.  291 
TribromacBtio  acid 
Tribromacotvlic 

477 
TnbromhTdriD,  31 
TribrompheDoL  M 
TribrompjnigBllol 
TnbutylainiDe,  II 
Tribntyrin,  400 
Tricarb^Uylic  .cM 
TncstylamiDc,  18] 
Trichloracetxl,  *Si 
Trichlorncotic  aojc 
TricbtoracetoB  i  nil 
Trichlonuwtilie 

476 
TrichloavDJlioA,  91 
TrichloTGlhan*,  M 


Trichlor  olhsr,  147 
Tnclitor  ethjUaa,  452 
TrLlilur  utbjiens    dichln- 

riile.  463 
Tridilothjdrin,  308 
Triclilur-methyl  -  ralphoDJc 

acitl,  I7e 
Triohlurliutie  acid.  497 


TriethyUmiDe.  187 
Triethjl-itmraelid''.  191 
Trictbyl-AniD«,  2IU 

aulphide,  319 

Trietbjl-biamuthine,  230 
Trirtlijl-binrrt,  185 
Trietbjl-CHrbiDol,  131 
Trieihjlcno  aicohol,  312 
Triethjl-giuniditie,  203 
Triethy  lie  iBocjnnnraW,  1 82 
Irielhyl-melBinine,  191 
Trietlij'I-iDetbitao,  112 
Tmtbyl-pbosphiDO,  211 

ehlorida,  211 

oiide,  213 

sulphide,  213 

Triethyl-slibine,  227 

tvmpouDds,  228 

Triethyl  -  sulphiii       com- 
pounds, 173 
Tnetbjl-una,  197 
Triglycer[a  alcobol,  307 
TriglycoUamic  acid,  418 
Triliydro^fUitliraquiDOnei, 

S92 
Triiodohydrin,  396 
TriisosmyUniiiie,  1S7 
Triisoamyl-phosphiDe,  211 
TriiBobntyl'-phoapliiDS,  211 
Triisopropyl  -  phoaphiite, 

211 
Trimellitic  add,  6fi7 
Trimeaio  acid,  667 
Trimetiiene  dibiomide,  2S8 

—  dicMorids,  299 

—  gljwl.  30i 

—  anlphids,  288 
Tiimsthncetic  acid,  3S7 
Trimethytamine,  ISA 
Trimsthyl-aninp,  219 
Trimetbjl-caibiD   cyanide, 


Trimrtliyl-ciirbin  -didteUiyl 

carbiiiol,  131 
Trimethyl  carbtaol,  12a 
Triniethyl-ethyl  ■  roftliane, 


IDS 

Trimethyl-methaQe,  100 
Trimsthyl  pbosphina,  211 

oiids,  213 

TrimBthyl-stibine,  227 
TriDitroaoeloDitril,  479 
Trinitromethane,  331 
TrinitropbeDoI,  S9S 
Tnnitraretorein,  S9T 
Triouitdol,  871 
Tripalmitin,  401 
TripbenyUmine.  571 
Triphenjibeniene,  702 
Triphanyl  curbinol,  BSB 
THphoayl-gnaDidlna.  ST4 
Tripheayl-melamiae,  A7t 
Triphonjl-mathano,  *96 
Triphen^l-rosaniline,  908 
Trisloiinn,  401 
TiUulphhydrin,  402 
TcDpie  acid,  841 
Tropine,  74S 
Tnnicine,  £14 
Tornboll'*  blno,  60 
Tnrpantine,  882 
Tnrpetbic  add,  723 
Turpatbine,  723 
Tnrpetholic  acid,  723 
Tyrosine,  843 


UmbeUiferone.  661 
Umbellic  acid,  842 
Uodacylic  acid,  360 
UntatiuHtedeompoiuidB,  33 
Uramil,  638 
Urea,  B2 
Uric  acid,  G32 
Urates,  fi33 
Urclhanaa.  1B2 
Uttibilin,  768 
Uraianic  acid,  638 


Vuleral,263 

Vnlcnil  uuimonia,  274    ' 
Vnlcric  acida,  356 
Valeric  nldebvdw,  263 
Valoiicaabydride.  372 


a,  336 


V.ilerone,  283 

Tullylene,  491 

Vouniic  ncid,  633 

Vnoillin^  OIB 

Vapour  daDsity.  determinx- 

Uoa  of,  17 
Vegetable  albomiD,  767 
Vegetable  mucus,  616 
Veratric  acid,  727 
Veratrine,  743 
Venlnil,  728 
Vinyl  bromide,  379 

—  chloride,  379 

—  iodide,  370 
Violuric  acid,  63 8 
Viridine,  619 
Vitelline,  767 
Vnlpic  ocid,  727 


Xantltic  acid,  171 
Xauthina,  640 
Xanthogen  componnda,  171 
Xanthoproteic  acid,  765 
Xaronic  add,  623 
Xylenes,  60  fi 
Xjlenoti,  606 
Xylic  acid.  637 
Xj'lidic  add,  868 
Xylidincfl,  606 
Xyloidine,  61S 
Xjloqoinoiia.  692 
Xyloretin,  734 

Ziodc  cyanide,  66 

Zinc  alkyl  componnda,  24S 

—  diethyl,  248 

—  diiaoamyl,  249 

—  diiaobntyl,  249 

—  dimethyl,  248 

—  dipropyl,  248 

—  dinitiwthylate,  248 

—  methyl  methyliitB,  248 
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Locomotion.  By  Fzofeawr  B.  J.  Maaxy.  With  117  lUiiatrationB.  Second 
Edition.    6t. 

XII.  The  DOCTBINB  of  DBSOBNT  and  DABWINISM.  By 
Profeuor  Oscar  ScHMmr  (StrMbnzg  Uniyenity).  With  26  ninatxations. 
Fourth  Edition.    6«. 

XIU.  The  HISTOBY  of  the  OOKFIiIOT  between  BBI.iaiON 
and  SCmNOB.  By  J.  W.  Dbapkr,  M.D.,  LL.D.  Fifteenth 
Edition.    0j. 

Xiy.  FUKGI :  their  Nature,  Influences,  Uses,  See.  By  M.  C.  Coou, 
MJL,  LLJ).  Edited  by  the  Ber.  M.  J.  Bbrxklkt,  ILA.,  FX.&  With 
nnmerona  ninstrationB.    Second  Editkm.    5/. 

XV.  The    OHBMIOAIi   BFFBOTS  of   lilOHT  and  PHOTO- 

GBAPH7.  By  Dr.  Hsbmann  Yoobl  (Pdyteofanio  Academy  of 
Berlin).  Translation  thoroughly  zeTiaed.  With  100  lUnstrations.  Third 
Edition.    6t» 

XVI.  The  IiIFB  and  QBOWTH  of  IiANaUAOB.    By  William 

DwiOHT  Wnmnnr.    Second  Edition.   6«. 


London :  KEGAN  PAUL,  TRENCH,  &  CO.,  1  Paternoster  Squaze. 


The  IfdemaUonal  Sdeniifio  fiieriot— oontinned. 


XVIL  MONXY  and  the  MBOHAJTISM  of  SXCaAITOX.     Bj 

W.  Staxxjct  Jeyors,  MJL.,  V3J&.    Fourth  Bditkm.    Ac 

XVIII.  The  NATUHJB  of  IjIGHT,  with  a  General  Aooonnt  of 
FHYSIOAIi  OPTICS.  Bt  Dr.  Buons  Lommxl.  With  188  lUm- 
tratlona  and  a  Table  of  Spectra  in  Chrono-Utbograpl^.   Third  BdJtion.  Ac 


XIX.  ANIMAIi  FABA8ITB8  and  MB88MATXS.    By  Monsieu 
VanBihiobx.    With  8S  lUnstraUoQs.    Seoood  Bditioo.    Ac 

XX.  FBBMBNTATION.    Bj  Plrofeesor  ScHUTUDrBBBOBB.      With 
S8  lUntferatioiu.    Third  Editioo.    ftc 

XXI.  The  FIVB  8BN8B8  of  MAN.    By  Professor  Bbbscstbin. 

With  91  IHostxatioiic   Tbiid  Bditioo.   6«. 

XXIL  The  THJnOBY  of  80I7KD  in  ite  BBULTIOBT  to  1C178IO. 
By  Profeaor  Pnmto  Blabbrma.  With  nameroos  ninstzutloiu.  Seoocd 
Bdidon.    At. 

XXIIL  STUDIBS  in  8PXOTBUM  ANAIi78I8.    By  J.  Nobmax 

LoCKTXR,  F.R.8.    unth  Six  Photographic  Dlastntioiia  of  S^Ua.  and 
nnmeroiu  BngraTlngs  on  Wood.    Seoood  iiditioo.    tf«.  6<l. 

XXIV.  A  HI8TOB7  of  the  OBOWTH  of  thtt  BTBAIC  BUf  aiins. 
By  Prof^Mor  B.  H.  .Thcbstox.  With  nameroos  lUnstrHtions.  Scomd 
Bditioo.    Cc6d. 

XXV.  BDUOATION  as  a  80IJBN01L     By  Auxamdbb  Baik,  LLJ). 
Foorth  Edition.    b», 

XXVI.  The  HUMAN  8P1S0£B8.  By  Professor  A  db  Quatbbpaow, 
Membra  de  I'lnstitot.    Second  Edition.    6«. 

XXVII.  MODBBN  OHBOMATI08.  With  Application  to  Art  and 
Indoatxy.  By  Oqiibn  N.  Rood.  Seoood  Edition.  With  130  original  lUos- 
trationc    U. 

XXVIIL  The  0BA7FI8H :  an  Introduction  to  the  Stady  of  Zoology. 
•  ByT.  H.  Hi7XLn,F.BJ3.    Third  Edition.   With  8S  Dhntratlonc    Ac 

XXIX.  The  BBAIN  as  an  OBGAN  of  MIND.    By  H.  Ghabltox 

Bastian,  H.D.    Second  Edition.    With  184  nioatntionc     Ac 

XXX.  The  ATOMIC  THXOBY.    By  Professor  A  Wubhe.    Tra  is- 

lated  by  E.  Clxminshaw,  F.CS.   Second  Edition.    Ai. 

XXXI.  The  NATUBAIi  OONDITION8  of  ISZI8T1SNOZ:  as 
they  afllBOt  Animal  I<ife.  By  Karl  Sbmpsb.  Second  Bditioo. 
With  t  M^pe  and  106  Woodcutc    A«. 

XXXII.  aBNBBAIi  PHYSIOIiOOT  of  Mn80IaE8  and  NBBVBS. 

By  Prof.  J.  RosESTTHAi..    Second  Edition.    With  lUnstrationB.    A«. 

XXXIII.  8IQHT:  an  Eiposition  of  the  Principles  of  Monocular  and 

BinoonlarViitoo.  ^y  Josbph  Li  Ooxtb,  LL.D.  With  ISS  nioatrations.  A* . 

XXXIV.  £LI.UBION8:    a   Fsyoholoffioal    8tad7.     Second   EdiUon. 

By  Jamjb  Sullt.    A«. 

XXXV.  VOIiOANOBS :  what  they  are  and  what  they  teaoh.     By 

JoHH  W.  JUDD,  F.B.S.    Second  Bditf on.    With  M  lUnfltiationa.    Ac 


London:  KBGANPAUL,  TRENCH,  &  CO.,  IF^ternoeter  Squire. 
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ADAMS  (K  O.)  KI^.G.S.— The  History  of  Japan.     From  the  Ea 

Period  to  the  Present  Time.     New  Edition,  revised.      2  ▼olmnes.    Wish 
and  Plans.     Demy  8vo.  price  2is.  each. 

ADAMSON  (H,  2!)  B.D.—Tke.  Truth  as  it  is  in  Jesus.    Crown 

cloth,  price  8x.  &/. 

The  Three  Sevens.    Crown  8vo.  cloth,  price  5^.  6d. 
A.  K,  H,  B.—Frou  a  Quiet  Place.    A  New  Volume  of  Scnn 

Crown  8vo.  cloth,  price  5/, 

ALBERT  {Mary) — Holland  and  her  Heroes  to  the  year  i 

An  Adaptation  from  *  Motley's  Rise  of  the  Dutch  Republic'    Small  c 
8vo.  price  4r.  6d, 

ALLEN  {Rev.  R,)  M,A. — Abraham  ;  his  Life,  Times,  and  Tra^ 

3,800  years  ago.     With  Map.     Second  Edition.     Post  8vo.  price  6s, 

ALLEN  {Grant)  B,A. — Physiological  ^Esthetics.    Large  post  8vc 
ALLIES  {T.  IV.)  MA. — Per  Crucem  ad  Lucem.      The  Result 

Life.     2  vols.    Demy  8vo.  cloth,  price  25^. 

A  Life's  Decision.    Crown  8vo.  cloth,  price  js.  6d, 

ANDERSON  (R.  C.)  (7.^.— Tables  for  Facilitating  the  Calc 
TioN  OF  Every  Detail  in  connection  with  Earthen  and  3Ias< 
Dams.     Royal  8vo.  price  £2.  is. 

ARCHER  {Thomas) — About  my  Father's  Businf^ss.     Work  amids 

Sick,  the  Sad,  and  the  Sorrowing.    Cheaper  Edition.    Crown  8vo.  price  2 

''  ARMSTRONG  {Richard  A.)  B.A.  —  Latter-Day    Teachers, 

Lectures.     Small  crown  8vo.  cloth,  price  2s.  6d. 

'^  ARNOLD  {Ar/hur)— Social  Politics.     Demy  8vo.  cloth,  price  14X, 

i\  Free  Land.    Crown  8vo.  cloth,  price  6s. 

BADGER  {George  Percy)  D.C.L.-^ks  English- Arabic  Lexicon. 

which  the  equivalent  for  English  Words  and  Idiomatic  Sentences  are  rei 
into  literary  and  colloquial  Arabic.     Royal  4to.  cloth,  price  £g,  91. 

BAGEHOT {Waiter)— The  English  Constitution.     A  New  Ed 

Revised  and  Corrected,  with  an  Introductory  Dissertation  on  Recent  CI 
and  Events.     Crown  8vo.  price  'js.  6d, 

Lombard  Street.     A  Description  of  the  Money  Market.     Se 

Edition.     Crown  8vo.  price  7^.  (yd. 

Some  Articles  on  the  Depreciation  of   Silver,   and  T 

connected  with  it.     Demy  8vo.  price  $s. 

BAGOT  {Aian) — Accidents  in  Mines  :    Their  Causes  and  Preve 

Crown  8vo.  price  dr. 
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BAKER  (Sir  Sherstan,  Bart.) — Halleck's  International  Law;  or^ 

Rules  Regulating  the  Intercourse  of  States  in  Peace  and  War.     A  New  Edition, 
revised,  with  Notes  and  Cases.     2  vols.     Demy  8vo.  price  3&r. 

The  Laws  relating  to  Quarantine.   Crown  8vo.  cloth,  price  1 2s,  6(L 

BALDWIN {Capt  J.  H.)  RZ.S,  Ben^  Staff  Corps,— Thjl  Large  and 
Small  Game  of  Bengal  and  the  North-Western  Provinces  of 
India.     4to.     With  numerous  Illustrations.     Second  Edition.     Price  2IJ. 

BARNES  ( William) — ^An  Outline  of  English  Speechcraft.    Crown 

8vo.  price  4J. 

Outlines  of  Redecraft  (Logic).    With  English  Wording.    Crown 

8vo.  cloth,  price  3/. 

BARTLEY{G.  C  7!)-«Domestic  Economy  :  Thrift  in  Every-Day  Life. 

Taught  in  Dialogues  suitable  for  children  of  all  ages.     Small  cr.  8vo.  price  2s. 

BAUR  {Ferdinand)  Dr,  Fh,,  Frofessor  in  Mauibronn, — A  Philological 
Introduction  to  Greek  and  Latin  for  Students.  Translated  and 
adapted  from  the  German.  By  C.  Kegan  Paul,  M.A.  Oxon.,  and  the 
Rev.  £.  D.  Stone,  M.A.,  late  Fellow  of  King's  College,  Cambridge,  and 
Assistant  Master  at  Eton.     Crown  8vo.  price  dr. 

BA  YNES  IRcv.  Canon  R,  H,) — At  the  Communion  Time.    A  Manual 

for  Holy  Communion.     With  a  preface  by  the  Right  Rev.  the  Lord  Bishop  of 
Derry  and  Raphoe.     Cloth,  price  is,  6d, 

BELLI NGHAM\Henry)  M,F,  Barrister-at-Lam — Social  Aspects  of 
Catholicism  AND  Protestantism  in  their  Civil  Bearing  upon  Nations, 
Translated  and  adapted  from  the  French  of  M.  le  Baron  de  Haulleville.  With 
a  prefkce  by  His  Eminence  Cardinal  Manning.  Second  and  Cheaper  Edition. 
Crovm  8vo.  price  jj.  dd, 

BENT  (L  Theodore) — Genoa  :  How  the  Republic  Rose  and  Fell.  With 

18  Illustrations.     Demy  8vo.  cloth,  price  i8j. 

BONWICK  (/)  F.R.G.S.—PYKAum  Facts  and  Fancies.    Crown  8vo. 

price  $s, 

Egyptian  Belief  and  Modern  Thought.    Large  post  8vo.  cloth, 

price  lOr.  6it, 
BO  WEN  (JL  C)  MA.y  Head  Master  of  the  Grocer^  Company's  Middle 
Class  School  at  Hackney, 

Studies  in  English,  for  the  use  of  Modem  Schools.    Small  crown 

8vo.  price  \5,  6d, 

English  Grammar  for  Beginners.    Fcp.  8vo.  cloth,  price  is. 
BO  WRING  (Sir  John) — ^Autobiographical  Recollections  of  Sir 

John  Bo^VRING.     With  Memoir  by  Lewin  B.  Bowring.  Demy  8vo.  price  14J. 

BRIDGETT  {Rev.  T.  -E.)— History  of  the  Holy  Eucharist  in 
Great  Britain.     2  vols.    Demy  8vo.  cloth,  price  i8j. 

BRODRICK  (the  Hon.  G.  (7.)— Political  Studies.    Demy  8vo.  cloth, 

price  14J. 
BROOKE  {Rezf.  S.  A.)  M.A.,  Chaplain  in  Ordifiary  to  Her  Majesty  the 
Queen y  and  Minister  of  Bedford  Chapel^  Bloomsbury. 

Life  and   Letters  of  the  Late  Rev.  F.  W,  Robertson,  M.A., 

Edited  by. 

I.  Uniform  with  the  Sermons.     2  vols.     With  Steel  Portrait.     Price  7j.  dd, 
II.  Library  Edition.     8vo.     With  Portrait.     Price  I2r. 
III.  A  Popular  Edition.     In  i  vol.  8vo.  price  6j. 
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BROOKE  {Rev.  S.  A.)  Af,A.—cont 

The  Spirit  of  the  Christian  Life.    A  New  Volume  of  Sennons. 

Crown  8vo.  doth,  price  7/.  6d, 

The  Fight  of  Faith.    Sermons  preached   on   various   occasions. 

Fifth  Edition.     Crown  8va  price  js.  6d, 

Theology  in  the  English  Poets. — Cowper,  Coleridge,  Wordsworth, 

and  Bums.     Fourth  and  Cheaper  Edition.     Post  8vo.  price  $s. 

Christ  in  Modern  Life.    Fifteenth  and  Cheaper  Edition.    Crown 

8vo.  price  $/. 

Sermons.    First  Series.    Eleventh  Edition.    Crown  8va  price  &s. 
Sermons.    Second  Series.    Fourth  Edition.     Crown  8vo.  price  7/. 

BROOKE  {IV.  G.)  M.A.— The  Public  Worship  REcuuiTiON  Act. 

With  a  Classified  Statement  of  its  Provisions,    Notes,   and   Index.    Third 
Edition,  revised  and  corrected.     Crown  8vo.  price  5r.  6«/. 

Six  Privy  Council  Judgments — 1850-72.    Annotated  by.    Third 

Edition.     Crown  8vo.  price  gj. 

BROUN  {J.  A.) — Magnetic   Observations    at   Trevandrum  and 

AUGUSTIA  Malley.     VoL  I.    4to.  price  631. 

The  Report  from  above,  separately,  sewed,  price  2ix. 

BROWN  {Rev.  J.  Baldwin)  B.A.—The  Higher  Life.     Its  Reality, 

Experience,  and  Destiny.     Fifth  Edition.    Crown  8vo.  price  5x. 

Doctrine  of  Annihilation  in  the  Light  of  the  Gospel  of 

Love.     Five  Discourses.     Third  Edition.    CroMrn  8vo.  price  2x.  6d. 

The  Christian  Policy  of  Life.     A  Book  for  Young  Men  of 

Business.     New  and  Cheaper  Edition.     Crown  8vo.  cloth,  price  3/.  6*/. 

BROWN  {J.  Croumbie)  LL.D. — Reboisement  in  France;  or,  Records 

of  the  Replanting  of  the  Alps,  the  Cevennes,  and  the  Pyrenees  with  Trees, 
Herbage,  and  Bush.     Demy  8vo.  price  I2x.  6df. 

The  Hydrology  of  Southern  Africa.    Demy  8vo.  price  lox.  6d. 
BROWNE  ( W.  R.) — ^The  Inspiration  of  the  New  Testament.    With 

a  Preface  by  the  Rev.  J.  P.  NoRRls,  D.D.     Fcp.  8vo.  cloth,  price  2s.  6d. 

BURCKHARDT  {Jacob) — The  Civilization  of  the  Period  of  the 
Renaissance  in  Italy.  Authorised  translation,  by  S.  G.  C.  Middlemorc 
2  vols.     Deiny  8vo.  price  24/. 

BURTON  {Mrs,  Richard)---TKe.  Inner  Life  of  Syria,  Palestine,  and 

THE  IIoLV  Land.     With  Maps,  Photographs,  and  Coloured  Plates.    2toIs. 
Second  Pldition.     Demy  8vo.  price  24/. 

*^*  Also  a  Cheaper  Edition  in  one  volume.    Large  post  8vo.  cloth,  price  los.  6d, 

BURTON  {Copt  Richard  i?:)— The  Gold  Mines  of  Midian  and  the 

Ruined  Midianite  Cities.     A  Fortnight's  Tour  in  North  Western  Arabii. 
With  numerous  Illustrations.     Second  Edition.     Demy  8vo.  price  i&r. 

The  Land  of  Midian  Revisited.    With  numerous  Illustrations  on 

Wood  and  by  Chromolithography.     2  vols.     Demy  8vo.  cloth,  price  32J. 

BUSBECQ  {Ogier  Ghiselin  de)—Yi\%  Life  and  Letters.  By  Charles 
Thornton  Forster,  M.A.,  and  F.  H.  Blackburne  Daniell,  M.Aj 
2  vols.     With  Frontispieces.     Demy  Svo.  cloth,  price  z\s. 
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CANDLER  (II.) — ^The  Groundwork  of  Belief.     Crown  8vo.  cloth, 

price  Js, 

CARPENTER  {Dr.  Philip  -P.)— His  Life  and  Work.    Edited  by  his 

brother,  Russell  Lant  Carpenter.  With  Portrait  and  Vignettes.  Second 
Edition.     Crown  Svo.  cloth,  price  7j.  (ni. 

CARPENTER  ( IV.  B.)  LL.D.,  M.D.,  RR.S.y  A*^.— The  Principles 

OF  Mental  Physiology.  With  their  Applications  to  the  Training  and 
Discipline  of  the  Mind,  and  the  Study  of  its  Morbid  Conditions.  Illustrated. 
Fifth  Edition.    Svo.  price  I2j. 

CER  VANTES— The  Ingenious  Knight  Don  Quixote  de  la  Mancha. 

A  New  Translation  from  the  Originals  of  1605  and  1608.  By  A.  J.  Duffield. 
With  Notes.     3  vols.    Demy  Svo.  price  42s, 

CHEYNE  {Rev.  T.  AT.)— The  Prophecies  of  Isaiah.    Translated  with 

Critical  Notes  and  Dissertations.      2  vols.      Demy  8vo.  doth,  price  25^. 

CZAIRA  C/T—EhEMEiiTS  of  Geometry.     Translated  by  Dr.  Kaines. 

With  145  Figures.     Crown  8vo.  cloth,  price  4r.  6d. 

CLAYDEN  {P.   W.) — England  under  Lord  Beaconsfield.      The 

Political  History  of  the  Last  Six  Years,  from  the  end  of  1873  to  the  beginning 
of  1880.  Second  Edition,  with  Index  and  continuation  to  March  1880.  Demy 
8vo.  cloth,  price  i6x. 

CLODD  {Edward)  F.R.A.S. — ^The  Childhood  of   the  World:   a 

Simple  Account  of  Man  in  Early  Times.     Sixth  Edition.   Crown  8vo.  price  3^, 
A  Special  Edition  for  Schools.     Price  u. 

The  Childhood  of  Religions.     Including  a  Simple  Account  of  the 

Birth  and  Growth  of  Myths  and  Legends.  Third  Thousand.  Crown  8vo. 
price  5j. 

A  Special  Edition  for  Schools.     Price  u.  ^d. 

Jesus  of  Nazareth.     With  a  brief  sketch  of  Jewish  History  to  the 

Time  of  His  Birth.     Small  crown  8vo.  cloth,  price  ts. 

COGHLAN  (/    Cole)  D.D. —  The  Modern  Pharisee  and   other 

Sermons.  Edited  by  the  Very  Rev.  H.  H.  Dickinson,  D.D.,  Dean  of 
Chapel  Royal,  Dublin.     New  and  Cheaper  Edition.     Crown  8vo.  doth,  7x.  (id, 

COLERIDGE  (&r«)— Phantasmion.  A  Fairy  Tale.  With  an  Intro- 
ductory Preface  by  the  Right  Hon.  Lord  Coleridge,  of  Ottery  St.  Mary.  A 
New  Edition.    Illustrated.     Crown  8vo.  price  7^.  €d. 

Memoir  and  Letters  of  Sara  Coleridge.    Edited  by  her  Daughter. 

With  Index.     Cheap  Edition.    With  one  Portrait.     Price  is,  6d. 

COLLINS  {Mortimer) — The  Secret  of  Long  Life.    Small  crown  8vo. 

cloth,  price  $/.  6a. 

CONNELL  {A.  K,) — Discontent  and  Danger  in  India.    Small  crown 

8vo.  cloth,  price  31.  6d. 

COOKE  {Prof.  J.  P)  of  the  Harvard  University. — Scientific  Culture. 

Crown  8vo.  price  is, 

COOPER   {H,  J,) — ^The    Art   of    Furnishing  on  Rational  and 

Esthetic  Principles.  New  and  Cheaper  Edition.  Fcp.  8vo.  cloth, 
price  IS,  dd, 

CORFIELD  (Professor)  M.D. — Health.    Crown  8vo.  cloth,  price  6j. 
CORY  {William)'^  K  Guide  to  Modern  English  History.    Part  L — 

MDCCCXV.-MDCCCXXX.     Demy  8vo.  cloth,  price  9s. 
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COURTNEY  {IV.  Z.)— The  Metaphysics  of  John  Stuart  : 

Crown  8vo.  doth,  price  $s,  6d, 

COX  {Rev.  Sir  George  W.)  M.A.^  Bart. — ^A  History  of  Greece  fro3 
Earliest  Period  to  the  end  of  the  Persian  War.  New  Editi 
vols.    Demy  8vo.  price  36r. 

The  Mythology  of  the  Aryan  Nations.     New  Edition,    t 

Demy  8vo.  price  2&f. 

A  General  History  of  Greece  from  the  Earliest  Period  t< 
Death  of  Alexander  the  Great,  with  a  sketch  of  the  sobsequent  \ 
to  the  present  time.    New  Exlition.     Crown  8vo.  price  fs.  6d, 

Tales  OF  Ancient  Greece.    New  Edition.    Small  crown  8va  pri 
School  History  of  Greece.    New  Edition.    "Wth  Maps.    Fcp 

price  3J.  6d, 

•j  The  Great  Persian  War  from  the  History   of  Herod 

New  Edition.     Fcp.  Svo.  price  jj.  6</. 

A  Manual  of  Mythology  in  the  form  of  Question  and  Ax; 

New  Edition.    Fcp.  8vo.  price  3^. 

An  Introduction  to  the  Science  of  Comparative  Mythc 

\\  '  AND  Folk-Lore.     Crown  8vo.  cloth,  price  9^. 

COX  {Rev.  Sir  G,  W.)  M.A.,  Bart.,  and  JONES   {Eusteux  Hint 

Popular  Romances  of  the  Middle  Ages.     Second   edition,  in 
Crown  8vo.  cloth,  price  6x. 

COX  (Rev.  Samuel) — Salvator  Mundi  ;  or,  Is  Christ  the  Sa\'iour 

Men  ?    Sixth  Edition.     Crown  8vo.  price  5/. 

The  Genesis  of  Evil,  and  other  Sermons,   mainly  expos 

Second  Edition.     Crown  8vo.  cloth,  price  df. 

A  Commentary  on  the  Book  of  Job.    With  a  Translation.    ] 

8vo.  cloth,  price  15^. 

CRAUFURD  (A.  If.) — Seeking  for  Light:   Sermons.      Crown 

cloth,  price  5^, 

CRA  VEN(Mrs.) — A  Year's  Meditations.    Crown  8vo.  cloth,  pri( 
CRA  WFURD  ( Oswald) — Portugal,  Old  and  New.     W'ith  Ulustn 
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I>A  VIDSON  {Rei'.  Samuel)  D.D.,  LL.D.  —  The  New  Testa> 
translated  from  the  Latest  Greek  Text  of  Tischendorf.  I 
and  thoroughly  revised  Edition.     Post  8vo.  price  lOr.  dd. 

Canon  of  the  Bible  :  Its  Formation,  History^  and  Fluctuai 

Third  and  revised  Edition.     Small  ctov^ti  8vo.  price  5^. 
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the  Old  and  that  of  the  New  Testament.    Demy  8vo.  doth,  price  I2s. 
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Cup  and  Platter  :  or,  Notes  on  Food  and  its  Effects.    New  and 
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DU  MONCEL  {Count) — ^The  Telephone,  the  Microphone,  and  the 
Phonograph.    With  74  Illustrations.    Small  crown  8vo.  cloth^  price  5x. 
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A  Manual  of  Mythology  in  the  form  of  Question  and  Ansi^tr. 

New  Edition.    Fcp.  8vo.  price  31. 

An  Introduction  to  the  Science  of  Comparative  Mythology 
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2  vols.    Fcp.  4to.  cloth,  price  50;. 
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DREWRY  {G.  O^M,D. — ^The  Common-Sense  Management  of  the 
Stomach.    Fifth  Edition.    Fcp.  8vo.  price  2s,  6d. 

DREWRY{G.  O.)  MD,  and BARTLETT {H.  C.)  jPA.D.,  ECS. 
Cup  and  Platter  :  or,  Notes  on  Food  and  its  Effects.    New  and 

Cheaper  Edition.     Small  8vo.  price  is,  6d, 
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Sketches.     Second  Edition.     Square  8vo.  doth,  price  I2f.  6d, 

Educational  Code  of  the  Prussian  Nation,  in  its  Present  Form. 
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cloth,  price  3^.  td. 

DA  VIDSON  {Rev.  Samuel)  D.D.^  LL.D.  —  The  New  Testament, 
translated  from  the  Latest  Greek  Text  of  Tischendorf.  ANcw 
and  thoroughly  revised  Edition.     Post  Svo.  price  lor.  fid. 

Canon  of  the  Bible  :  Its  Formation,  History^  and  Fluctuations. 

Third  and  revised  Edition.    Small  crown  Svo.  price  5/. 

DA  VIES  (Rev.  J.  L.)  M.A. — ^Theology  and  Morality.     Essays  on 

Questions  of  Belief  and  Practice.    Crown  Svo.  price  7/.  6</. 


C.  Kegan  Paul  &  Co.^s  Publications. 


I>AlVSON'j(G<o.y  Jlf.:^>-PRAYEiis,  WITH  A  Discourse  on  Prayer. 

:   Edited  by  his  Wife»    Fifth  Edition.    Croum  8vo.  price  6f. 

Sermons  on  Disputed  Points  and  Special  Occasions.    Edited  by 

his  Wife.    Third  Edition.    Crown  8to.  price  6s, 

Sermons  on  Daily  Life  and  Duty,    Edited  by  his  Wife.    Third 

Edition,    Crown  8yo.  price  ts, 

DE  REDCLIFFE  {Viscount  Stratford)  P.C.,  K.G.,  G.C.B.— Why  am  I 
A  Christian  ?    Fifth  Edition.    Crown  8vo.  price  y. 

DESFI^Z  {Philip  S.)  AZ?.— Daniel  and  John  ;  or,  the  Apocalypse  of 

the  Old  and  that  of  the  New  Testament,    Demy  8vo.  cloth,  price  izr. 

DE  TOCQUEVILLE  {A,) — Correspondence  and  Conversations 
OP,  niriTH  Nassau  William  Senior,  from  1834  to  1859.  Edited  by 
M.  C.  M.  Simpson.    2  vols.    Post  8vo.  price  2ix. 

DO  WDEN {Edward)  ZLJ).—Si{Akspzke  :  a  Critical  Study  of  his  Mind 

and  Art.     Fifth  Edition.     Post  8vo.  price  I2x. 

Studies  in  Literature,  lySp-iSyy.    Large  post  Svo.  price  12s. 
DREWRY  {G.  0,)M,D. — The  Common-Sense  Management  of  the 

Stomach.    Fifth  Edition.    Fcp.  Svo.  price  2x.  6d, 

DEEWRY{G.  O.)  M.D,,  and BARTLETT{H.  C.)  PA.D.,  F.CJS. 

Cup  and  Platter  :  or,  Notes  on  Food  and  its  Effects.    New  and 

Cheaper  Edition.     Small  Svo.  price  is,  M, 

DUFFIELD  {A.  J^ — Don  Quixote  :  his  Critics  and  Commentators. 

With  a  brief  account  of  the  minor  works  of  Miguel  de  Cervantes  Saavedra, 
and  a  statement  of  the  aim  and  end  of  the  greatest  of  them  alL  A  handy 
book  for  general  readers.     Crown  Svo.  cloth,  price  3^.  dd, 

DU  MONCEL  {Count) — ^The  Telephone,  the  Microphone,  and  the 

Phonograph.    With  74  Illustrations.    Small  crown  Svo.  cloth,  price  $s, 
EDEN  {Frederick) — The  Nile  without  a  Dragoman.    Second  Edition. 

Crown  Svo.  price  7/.  6d, 

EDGEWORTH  {F  F.)— Mathematical  Psychics.      An  Essay  on 

the  Application  of  Mathematics  to  Social  Science.     Demy  Svo.  cloth,  is.  6d, 

EDIS  {Robert  IV,)  FS.A.  df^c. — Decoration  and  Furniture  of  Town 

Houses  :  a  Series  of  Cantor  Lectures,  delivered  before  the  Society  of  Arts, 
1S80.  Amplified  and  Enlarged.  With  29  Full-page  Illustrations  and  numerous 
Sketches.     Second  Edition.     Square  Svo.  doth,  price  12s.  6d, 

Educational  Code  of  the  Prussian  Nation,  in  its  Present  Form. 

In  accordance  with  the  Decisions  of  the  Common  Provincial  Law,  and  with 
those  of  Recent  Legislation.    Crown  Svo.  cloth,  price  2s,  6^. 

ELSDALE  {Henry) — Studies  in  Tennyson's  Idylls.  Crown  Svo. 
price  Sj. 

ELYOT  {Sir  I^mas)^Tn'E  Boke  named  the  Gouernour.  Edited 
from  the  First  Edition  of  1531  by  Henry  Herbert  Stephen  Croft,  M.A., 
Barrister-at-Law.  With  Portraits  of  Sir  Thomas  and  Lady  Elyot,  copied  by 
permission  of  her  Majesty  from  Holbein's  Original  Drawings  at  Windsor  Castle. 
2  vols,    Fcp.  4to.  cloth,  price  50;. 
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M£JlI^ITT{Ifmryy-AjCT-CtJTicisu  asd  Romakce.  AVith  Recollections 
and  Twentj-tuee  lUustratiaDS  in  etu-ftrU^  by  Anna  Lea  Merritt.  2  toIs. 
Large  post  8vo.  doth,  price  25/. 

MILLER  {£dwardy-TBE.  History  and  Doctrikbs  of  Irvixgism; 

or,  the  so-€aIl€d  Catholic  and  Apostolic  Church*    2  vols.     Large  post  8vo. 
price  25/. 

The   Church    in   Reui^on  to  the   State.    Large  crown  8vo. 

doth,  price  7x.  64L 
MILNE  {/am^)— Tables  of  Exchange  for  the  Conversion  of  Sterling 

Money  into  Indian  and  Ceylon  Cnrrency,  at  Rates  from  ix.  8^.  to  2j.  5^  per 
Rupee.     Second  Edition.     Demy  8vo.  doth,  price  £^.  2s. 

MINCHIN{J,  G.) — Bulgaria  since  the  War  :  Notes  of  a  Tour  in  the 

Autumn  of  1879.    Small  crown  8to.  doth,  price  31.  6i£, 

MOCKLER  (iS.) — ^A  Grammar  of  the  Baloochee  Language,  as  it  is 

spoken  in  BCakran  (Andent  Gedrosia),  in  the  Persia-Arabic  and  Roman 
characters.    Fcp.  8vo.  price  5/. 

MOFFAT  {R.  5.)— Economy  of  Consumption  :  a  Study  in  Political 

Economy.    Demy  8vo.  price  i8f. 

The  Principles  of  a  Time  Policy:   being  an  Exposition  of  a 

Method  of  Settling  Disputes  between  Employers  and  Employed  in  regard  to 
Time  and  Wages,  by  a  simple  Process  of  Mercantile  Barter,  without  recourse 
to  Strikes  or  Locks-out.  Reprinted  from  '  The  Economy  of  Consumption/ 
with  a  Preface  and  Appendix  containing  Observations  on  some  Reviews  of  that 
book,  and  a  Re-criticism  of  the  Theories  of  Ricardo  and  J.  S.  Mill  on  Rent, 
Value,  and  Cost  of  Production.    Demy  8vo.  price  31.  6J. 

MORELL  (/.  R.) — Euclid  Simplified  in  Method  and  Language. 

Being  a  Manual  of  Geometry.  Compiled  from  the  most  important  French 
Works,  approved  by  the  University  of  Paris  and  the  Minuter  of  Public 
Instruction.    Fcp.  8vo.  price  2s,  6d, 

MORSE  (E.  5.)  PA.L>.— First  Book  of  Zoology.    With  numerous 

Illustrations.     New  and  Cheaper  Edition.     Crown  8vo.  price  ar.  6d, 

MUNRO  {Major-Gm.  Sir  Thomas)  Bart  K.C.B,,  Gmemor  of  Madras, 
Selections  from  his  Minutes  and  other  Official  Writings.  Edited, 
with  an  Introductory  Memoir,  by  Sir  Alexander  Arbuthnot,  K.CS.I.,' 
CLE.     2  vols.    Demy  8vo.  doth,  price  30f. 

NELSON  (f.  H.)  M,A,—h.  Prospectus  of  the  Scientific  Study  of 

the  HindO  Law.    Demy  8vo.  cloth,  price  9^. 

NEWMAN  ij',  II,)D,D, — Characteristics  from  the  Writings  of. 

Being    Selections   from    his  various  Works.     Arranged   with  the  Author's 
personal  Approval.     Third  Edition.     With  Portrait     Crown  8vo.  price  6x. 
*jj*  A  Portrait  of  the  Rev.  Dr.  J.  H,  Newman,  mounted  for  framing,  can  be  had, 
price  2s.  (>d. 

New  Werther.     By  Loki.    Small  crown  Svo.  cloth,  price  2s.  6^/. 
NICHOLAS  (T:)— The  Pedigree  of  the  English  People.      Fifth 

Eklition.     Demy  Svo.  price  i6j. 

NICHOLSON  {Edward  Byron) — ^The  Gospel  according  to  the 
Hebrews.  Its  Fragments  Translated  and  Annotated  with  a  Critical  Anal}-sisof 
the  External  and  Internal  Evidence  relating  to  it.   Demy  Svo.  cloth,  price  9/.  6d. 

A  New  Commentary  on  the  Gospel  according  to   Matthew, 

Demy  Svo.  cloth,  price  12s. 

The  Rights  of  an  Animal.    Crown  Svo.  cloth,  price  3X.  6d. 


C.  Kegan  Paul  &  Co.^s  Publications. 


JiAWSOIirj(G0.y  M.A>^'Pkktkrs^  mrtK  a  Discourse  on  Prayeiu 

.   Edited  by  his  Wife.    Fifth  Edition.    Croum  8vo.  price  6f. 

Sermons  on  Disputed  Points  and  Special  Occasions.    Edited  by 

his  Wife.    Third  Edition.    Crown  8to.  price  6s. 

Sermons  on  Daily  Life  and  Duty,    Edited  by  his  Wife.    Third 

Edition.    Crown  Syo.  price  ts, 

DE  REDCLIFFE  (Viscount  Stratford)  RC,  K.G.,  G.C.B.— Why  am  I 
A  Christian  ?    FlfUi  Edition.    Crown  8vo.  price  y. 

DESFREZ  {Philip  S.)  E.D.—DAmzL  and  John  ;  or,  the  Apocalypse  of 

the  Old  and  that  of  the  New  Testament.    Demy  8vo.  cloth,  price  izr. 

DE  TOCQUEVILLE  {A.) — Correspondence   and   Conversations 

OP,  niriTit  NASSAU  William  Senior,  from  1834  to  1859.  Edited  by 
M.  C.  M.  Simpson.    2  vols.    Post  8vo.  price  2ix. 

DO  WDEN (Edward)  ZZ.2>.— Shakspere  :  a  Critical  Study  of  his  Mind 

and  Art.     Fifth  Edition.     Post  8vo.  price  I2t, 

Studies  in  Literature,  1789-1877.    Large  post  8vo.  price  12s. 
DREWRY (G.  0.)Af.D.—THZ  Common-Sense  Management  of  the 

Stomach.    Fifth  Edition.    Fcp.  8vo.  price  2s.  6d, 

DREWRY (G.  0.)  M.D.,  and BARTLETT (H.  C.)  Ph.D.,  F.CS. 

Cup  and  Platter  :  or,  Notes  on  Food  and  its  Effects.    New  and 

Cheaper  Edition.     Small  8vo.  price  is,  (>d. 

DUFFIELD  (A.  J>j — Don  Quixote  :  his  Critics  and  Commentators. 

With  a  brief  account  of  the  minor  works  of  Miguel  de  Cervantes  Saavedra, 
and  a  statement  of  the  aim  and  end  of  the  greatest  of  them  alL  A  handy 
book  for  general  readers.     Crown  8vo.  cloth,  price  3^.  td, 

DU  MONCEL  (Count) — The  Telephone,  the  Microphone,  and  the 

Phonograph.    With  74  Illustrations.    Small  crown  8vo.  cloth,  price  51. 
EDEN  (Frederick) — ^The  Nile  without  a  Dragoman.    Second  Edition. 

Crown  8vo.  price  7x,  6d, 

EDGEWORTH  (F  K)— Mathematical  Psychics.      An  Essay  on 

the  Application  of  Mathematics  to  Social  Science.     Demy  8vo.  cloth,  js,  6d, 

EDIS  (Robert  W.)  F.S.A,  6^c. — Decoration  and  Furniture  of  Town 

Houses  :  a  Series  of  Cantor  Lectures,  delivered  before  the  Society  of  Arts, 
1880.  Amplified  and  Enlarged.  With  29  Full-page  Illustrations  and  numerous 
Sketches.     Second  Edition.     Square  8vo.  doth,  price  12s,  6d, 

Educational  Code  of  the  Prussian  Nation,  in  its  Present  Form. 

In  accordance  with  the  Decisions  of  the  Common  Provincial  Law,  and  with 
those  of  Recent  Legislation,    Crown  8vo.  cloth,  price  2s,  6d, 

ELSDALE  (Henry) — Studies  in  Tennyson's  Idylls.  Crown  8vo. 
price  5^. 

EL  YOT  (Sir  Tkomas)^THE  Boke  named  the  Gouernour.  Edited 
from  the  First  Edition  of  1531  by  Henry  Herbert  Stephen  Croft,  M.A., 
Barrister-at-Law.  With  Portraits  of  Sir  Thomas  and  Lady  Elyot,  copied  by 
permission  of  her  Majesty  from  Holbein's  Original  Drawings  at  Windsor  Castle. 
2  vols,    Fcp.  4to.  cloth,  price  50;. 
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PARSLOE  {Joseph)  —  Our  Railways.  Sketches,  Htstoiii 
DescriptiTC.  With  Pnclical  InfortnaliOD  u  to  Fares  and  Rates,  I 
Chapter  on  RailwBj  ReibnD.     Crown  8vo.  price  6j. 

PATTISON(Mrs.  Markf—tm.  Rhjaissancb  of  Art  in  France 
Nineteen  Steel  EDgisvingi,     3  vol*.     Deroy  Svo.  cloth,  price  ju, 

PAUL  (C  Jr<j>7«)— -William  Godwin:  His  Friends  and  C 
FORAUES.  With  Portraits  and  Facsimiles  of  the  Handwriting  ol 
and  hti  Wife.     3  vols.     Sqiuue  post  8vo.  price  aSr. 

The  Genius  o?  Christianity  Unveiled.     Being  Essav's  by 

Godwin  never  beTore  published.     Edited,  with  a  PrefiKe,    by  C.   Kq 
Grown  8vo.  price  ft.  bd. 
Mary  Wollstonecraft.      Letters  to    Imlay.      New   Editi( 
Pre&tort  Memoir  by.     Two  Portraits  in  tati-farii  by  Anna  Lea  K 
Crown  ovo.  cloth,  price  bs. 


A  Visit  TO  German  Schools:  Elementary  Schools  in  Ge 
Notes  of  a  Professional  Tour  to  inspect  some  of  th«  Kindeivailens, 
Schools,  Public  Girls'  Schools,  and  Schools  for  Tcchnicij  Instri 
Hambuish,  Berlin,  Dresden,  Weimar,  Gotha,  Eisenach,  in  the  au 
1874.  With  Critical  Discussions  of  Ihe  General  Principles  and  Pr 
Kindei^rlens  and  other  Schemes  of  Elementary  Education.  Cro 
price  41.  hd. 

PENRICE  {Maj.  J.)  S.A. — A  Dictionary  and  Glossary  0 
Ko-RAN.  With  CoiMous  Gramnialical  References  and  Explanation 
TexL     4to.  price  3ls. 

PESCHEL  {Dr.  Oscar) — The  Races  of  Man  and  their  Geocra 
Distribution.    La^c  crown  8vo.  price  91. 

PETERS  {P.  A.) — ^The  Nico.machean  Ethics' of  Aristotle. 
latcd  by.     Crown  8vo.  cloih,  price  &. 

PINCHES  {Thomas)  MA.—Sauvf.l  Wilberfobce  ;  Faith— Ser 
Rrcompense.  Three  Sermons.  With  a  Portrait  of  BishonNi-jti 
(after  a  Portrait  bv  Charles  WallinsV      Trnwi,  «vn   ,.1«.>, :'.      ''    "" 


(after  a  I'ottrait  by  Charles  Walliins).     Crown  8vo.  cloth. 


price  4j.  60'. 


PLAYFAIR   (Lifut.-Col.)  Her  Britannic  Majesty s   Contul-Gem 

Algiers. 
Travels  in  the  FooTSTErs  of  Bruce  in  Algeria   and  ' 

lUustralad  by  facsimiles  of  Brace's  original  Drawines,  Pholopranhs    M  ' 

Royal  410.  cloth,  bevelled  boards,  pU  leaves,  price  £z.  3x.  ^ 

POLLOCK  {Frederick)— %vi^QZK,  his  Life  and   Philosophy 

8vo.  cloth,  price  i6j. 
POLLOCK  (JF./^)— Lectures  on  French  Poets.     Deliver^,!  ■ 

Royal  Instilution.     Small  cto«-n  Svo.  clolh,  price  p.  ' 

POOR  {Laura  £.)— Sanskrit  and  its  Kindred  Literatures     Si 

in  Comparalive  Mytholfigy.     Small  crown  8vo.  clolh,  price  5^. 
POUSHKIN  {A.  5.)— Russian  Romance.    Translated  fmm  tl,^ 

of   Belkin,  &c      By   Mrs.   J.   liuchan   Tclfcr   {nit  Mouravieff)        k.. 

Cheaper  Edition.     Crown  Svo.  price  Jj.  (xi.  ''  *' 


C.  Kegan  Paul  tSf  CoJs  Publications.  1 7 

PRESBYTER — Unfoldings  of  Christian  Hope.    An  Essay  shewing 

*  that   the  Doctrine  contained  in  the  Damnatory  Clauses  of  the  Creed  com* 
monly  called  Athanasian  is  UnscripturaL     Small  crown  8va  price  41.  6d, 

PRICE  {Prof.  Banamy) — Currency  and  Banking.  Crown  8vo.  Price  6j. 
Chapters  on  Practical  Political  Economy.    Being  the  Substance 

of  Lectures  delivered  before  the  University  of  Oxford.  Large  post  8vo. 
price  I2X. 

Proteus  and  Amadeus.  A  Correspondence.   Edited  by  Aubrey  De  Verb. 

Crown  8vo.  price  $s. 

Pulpit  Commentary  (The).    Edited  by  the  Rev.  J.  S.  Exell  and  the 

Rev.  Canon  H.  D.  M.  Spence. 

Genesis.  By  Rev.  T.  Whitelaw,  M.  A.  ;  with  Homilies  by  the  Very 
Rev.  J.  F.Montgomery,  D.D.,  Rev.  Prof.  R.  A  Redford,  M.A,  LL.B., 
Rev.  F.  Hastings,  Rev.  W.  Roberts,  M.A.  An  Introduction  to  the  Study 
of  the  Old  Testament  by  the  Rev.  Canon  Farrar,  D.D.,  F.R.S. ;  and  Intro- 
ductions to  the  Pentateuch  by  the  Rijght  Rev.  H.  Cotterill,  D.D.,  and  Rev. 
T.  Whitelaw,  M.A     Fourth  Edition.     One  vol.  price  151. 

Numbers.    By  the  Rev.  R.  Winterbotham,  LL.B. ;  with  Homilies  by 

the  Rev.  Professor  W.  BiNNiE,  D.D.,  Rev.  E.  S.  Prout,  M.A.,  Rev.  D. 
Young,  Rev.  J.  Waite,  and  an  Introduction  by  the  Rev.  Thomas  White- 
law,  M.A.     Price  15^. 

Joshua.  By  Rev.  J.  J.  Lias,  M.A.  ;  with  Homilies  by  Rev.  S.  R. 
Aldridge,  LL.6.,  Rev.  R.  Glover,  Rev.  £.  De  PressensjI,  D.D., 
Rev.  J.  Waite,  B.  A.,  Rev.  F.  W.  Adenby,  M.  A. ;  and  an  Introduction  by 
the  Rev.  A.  Plummer,  M.A.     Second  Edition.     Price  I2s,  6d, 

Judges  and  Ruth.    By  the  Right  Rev.  Lord  A.  C.  Hervev,  D.D., 

and  Rev.  J.  Morrison,  D.D.  ;  with  Homilies  by  Rev.  A.  F.  Muir,  M.A, 
Rev.  W.  F.  Adeney,  M.A.,  Rev.  W.  M.  Statham,  and  Rev.  Professor 
J.  Thomson,  M.A.     Second  Edition.     Price  los,  6d, 

I  Samuel.  By  the  Very  Rev.  R.  P.  Smith,  D.D. ;  with  Homilies 
by  Rev.  Donald  Fraser,  D.D.,  Rev.  Prof.  Chapman,  and  Rev.  B.  Dale. 
Third  Edition.     Price  15J. 

Ezra,  Nehemiah,  and  Esther.     By  Rev.  Canon  G.  Rawlinson, 

M.A.;  with  Homilies  by  Rev.  Prof.  J.  R.  Thomson,  M.A,  Rev.  Prof.  R.  A. 
Redford,  LL.6.,  M.A.,  Rev.  W.  S.  Lewis,  M.A.,  Rev.  J.  A  Macdonald, 
Rev.  A.  Mackennal,  BA.,  Rev.  W.  Clarkson,  B.A.,  Rev.  F.  Hastings, 
Rev.  W.  Dinwiddie,  LL.B.,  Rev.  Prof.  Rowlands,  B.A,  Rev.  G.  Wood, 
B. A.,  Rev.  Prof.  P.  C.  Barker,  LL.B>.,  M.A,  and  Rev.  J.  S.  Exell.  Fourth 
Edition.     One  voL  price  12s,  &d, 

PuNjAUB  (The)  and   North-Western  Frontier  of  India.      By  an 

Old  Punjaubee.     Crown  8yo.  price  5/. 

Rabbi  Jeshua,    An  Eastern  Story.    Crown  8vo.  cloth,  price  3J.  6d, 

RA  VENSHA  W  {John  Henry)  B.  C.5:— Gaur  :  Its  Ruins  and  Inscrip- 
tions. Edited  \>y  his  Widow.  With  44  Photographic  Illustrations,  and  25 
facsimiles  of  Inscriptions.     Royal  4to.  cloth»  price  £^.  lys,  6d,' 

READ  (jCarveth) — On  the  Theory  of  Logic  :   An  Essay.    Crown  8vo. 

price  6^*. 

Realities  of  the  Future  Life.    Small  crown  8vo.  cloth,  price  i  j.  6//. 
RENDELL  {/.  M.) — Concise  Handbook  of  the  Island  of  Madeira* 

With  Plan  of  ^unchal  and  Map  of  the  Island.'   Fcp.  8vo.  cloth,  is.  6d. 
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REYNOLDS   (Xeir.  J.    »:)— The    Supernaturaz.    in    N* 
Voificatioii  by  Free  Ute  of  Science.     Second   Editioa,  revised  x. 
Demy  Sro.  doth,  price  141. 
The  Mystery  of  Miracles.    By  the  Author  of  '  The  Si 
in  NatuTc'    Crown  8vcb  doth,  price  fu. 

RIBOT  {Prof.    7».)— English    Psychology.      Second    R 

Revised  and  Corrected  Truulation  Irom  the  latest  French  Edition. 
Svo.  price  JM'. 
Hebeditv  :  A  Psychol<^caI  Study  on   its    Phenomena, 
its  Causes,  tnd  its  Consequences.     La^  crown  Svo.  price  91. 
RINK  {Chevalier  Dr.  /ftwr>')— Greenland  :  Its  People  ani 
DUCTS.     By  the  Chevalier  Dr.  Hensy  Rink,    President  of   thi 
Board  of  Trade.     With  sixteen  lUnstntions,  drawn  by  the  Eskimo, 
Edited  by  Dr.  Robert  Brown.     Crown  Svo.  price  lot.  6^. 
ROBERTSON  {Tht  late  Rev.  F.   W.)  Af.A.,  of  Brtghbm.— 
Letters  of.  Edited  bythe  Rev,  Slopibrd  Brooke,  M.A.,  Chaplaii 
to  the  Queen. 
I.     Two  vols.,  Dnifbrrn  with  the  Sermons,     With   Steel  Poitr 

Svo.  price  7/.  dd, 
IT.     Library  Edition,  in  demy  Svo.  with  Portrait.      Price  izr. 
III.     A  Popular  Edition,  in  I  vol.     Crown  Svo.  price  &. 
Sermons.     Four  Series.    Small  crown  Svo.  price  3J,  6d.  eat 
The  Human  Race,  and  other  Sennons.     Preached  at  Cb 

Oxford,  and  Brixton.     Large  poit  Svo.  cloth,  price  it.  6d. 
Notes  on  Genesis.    New  and  Cheaper  Edition.     Crown 

Expository  Lectures  on  St.  Paul's  Epistles  to  the  Cor 

A  New  Edition.     Small  crown  Svo.  price  5/. 
Lectures  and  Addresses,  with  other  Literary  Remains. 

Edition.     Crown  Svo.  price  5^. 
An  Analysis  of  Mr.  Tennyson's  '  In  Memoriam.*     (De< 

Permission  to  the  Poet -Laureate.)     Fcp.  Svo.  price  ar. 
The  Education  of  the  Human  Race.    Translated  from  th 
of  Gotthold  Ephraim  Lessing.     Fcp.  Svo.  price  zr.  dd. 

The  above  Worlcs  can  also  be  had,  bound  in  Half- morocco. 
•,•  A  Portrait  of  ihe  lale  Rev.  F.  W.  Robertson,   mounted  for  ft 
be  had,  price  2J,  bd. 
RODWELL  {G.  F.)  F.R.A.S.,  F.CS—Etiia  :   A    History 
Mountain  and  its  Ekuftions.    With  Maps  and  Illustrations,     i 
cloth,  price  gi. 
ROSS  {Alexander)  i?./).— Memoir  of  Alexander  Ewing,  ] 
Argyll  and  the  Isles.    Second  and  Cheaper  Edition.     Demy  Svo. 

SALTS  {Rei:  Alfred)  LL.D. — Godparents  at  Confirmation. 

Preface  by  the  Bishop  ofManchester.     Small  crown  Svo.  cloth  limp 
SALVATOR  {Archduke  Liidii'ig) — Levkosia,  the  Capital  of 

Crown  4to.  cloth,  price  loj,  W. 
SAMUEL  {Sydn^  ./»/.)— Jewish  Life  IM  the  East.     Small  a 

cloth,  price  31.  &/. 
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SAYCE  {Reu.  Archibald  -fflcwrK)— Introduction  to  the  Scietoe  OF 
Language.    2  vols.    Large  post  Svo.  cloth,  price  25^. 

Scientific  Layman.     The  New  Truth  and  the  Old  Faith  :  are  they 

Incompatible  ?    Bemy  Svo.  doth,  price  lOr.  dd. 

SCOONES  ( W.  Bapiisie) — ^FouR  Centuries  of  Engush  Letters  : 

A  Selection  of  350  Letters  by  150  Writers,  from  the  Period  of  the  Paston 
Letters  to  the  Present  Time.  Second  Editioi^  Large  crown  8vo.  doth, 
price  9if. 

SCOTT  [Robert  H,) — ^Weather  Charts  and  Storm  Warnings.   Second 

Edition.     Illustrated.     Crown  Svo.  price  y,  6d, 

SENIOR  {N.    ^.)-— Alexis  De  Tocqueville.     Correspondence  and 

Conversations  with  Nassau  W.  Senior,  from  1833  to  1859.    Edited  by  M.  C.  M 
Simpson.     2  vols.     Large  post  Svo.  price  21s, 

SHAKSPEARE   (Char/es)— Saint    Paul    at     Athens.      Spiritual 

Christianity  in  rdation  to  some  aspects  of  Modem  Thought.  Five  Sermons 
preached  at  St.  Stephen's  Church,  Westboume  Park.  With  a  Preface  by  the 
Rev.  Canon  Fah&ar. 

SHELLEY  (Lady) — Shelley  Memorials  from  Authentic  Sources. 

With  (now  first  printed)  an  Essay  on  Christianity  by  Percy  Bysshe  Shelley. 
With  Portrait.    Third  Edition.    Crown  Svo.  price  $5, 

SHILLITO  {Rev.  Joseph) — ^Womanhood  :  its  Duties,  Temptations,  and 

Privil^;es.  A  Book  for  Young  Women.   Third  Edition.  Crown  Svo.  price  31. 6</. 

SHJPLE  Y  (Rev.  Orby)  M.A. — Church  Tracts  :  or,  Studies  in  Modern 

Problems.    By  various  Writers.    2  vols.    Crown  Svo.  price  51.  each. 
Principles  of  the  Faith  in  Relation  to  Sin.    Topics  for  Thought 

in  Times  of  Retreat.  Eleven  Addresses  delivered  during  a  Retreat  of  Three 
Days  to  Persons  living  in  the  World.    Demy  Svo.  doth,  price  I2r. 

Sister  Augustine,  Superior  of  the  Sisters  of  Charity  at  the  St.  Johannis 

Hospital  at  Boim.  Authorised  Translation  by  Hans  Tharau,  from  the 
German  'Memorials  of  Amalie  von  Lasaulx.'  Second  Edition.  Large 
crown  Svo.  doth,  price  1$.  6d. 

SMITH  (Edward)  M.D.,  LL.B.,  E.R.S.—Ueavvh  and  Disease,  as 

Influenced  by  the  Daily,  Seasonal,  and  other  Cyclical  Changes  in  the  Human 
System.    A  New  Edition.     Post  Svo.  price  p.  6d. 

Practical  Dietary  for  Families,  Schools,  and  the  Labouring 

Classes.    A  New  Edition.    Post  Svo.  price  31. 6d. 

Tubercular  Consumption  in  its  Early  and  Remediable  Stages. 

Second  Edition.    Crown  Svo.  price  6s, 

SPEDDING  (James)— Reviews  and  Discussions,  Literary,  Political, 
AND  Historical  not  relating  to  Bacon.    Demy  Svo.  doth,  price  i2>.  M 

STARRER  (Pant) — Shakspeare  and  Classical  Antiquity  :  Greek  and 

Latin  Antiquity  as  presented  in  Shakspeare's  Plays.  Transited  by  Emily  J. 
Carey.    Large  post  Sva  doth,  price  I2x. 

St.  Bernard.     A  Little  Book  on  the  Love  of  God    Translated  by 
Marianne  Caroline  and  Coventry  Patmore.   Cloth  extra,  gilt  top,  41.  m 

STEPHENS    (Archibald  John)   LL.L>.— The   Folkestone  Ritual 

Case.  The  Substance  of  the  Argument  delivered  before  the  Judicial  Com- 
mittee of  the  Privy  Coimdl  on  behalf  of  the  Respondents.  Dony  Svoit 
doth,  price  6s, 
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STEVENSON  {Rtv.   W.  ^)— Hymns  tor 

Selected  ud  Edited  by  the  Rev.  W.  Flemiae 

The  moM  complete  Hjniii  Book  pubtiihed 

The    Hrmn   Book  coniitU  of   Three  Pi 

IL  Fcr  Fimiljr  and  Private  Wonhip.- 

%■  PnUUhed  k  nuiout  formi  and  pricei,  tb 

Lilt*  and  full  puticnUn  will  be  fiiniiibc 

STEVENSON  {Robtrt  Zowtr)— Virginibus  I 

Crown  8va  dolh,  price  6i, 
SULLY  (Janus)  3/".^.  —  Sensation  and 
price  tot.  td. 
Pbssiuisu  :  a  HUuny  and  a  Criticism.    ! 

SYJIfE   (Z^fu/)— Outlines    of    ah    Imdi 

Ediiion.    Crown  8to.  price  fo. 
TAYLOR  (v4&er»i>ffl)— GutENNB.    Notes  of 

Sto.  doth,  price  41.  6d. 
THOMSON  (/.  r«rw*«tf)— Social  Probu 

THK  Laws  op  Influbncs.    With  Diasranu. 
TODHUNTER  {Dr.  /)— A  Study  of  Sh 

price  ?/■ 
TWINING  (Zowia)— Workhouse  Visiting 

TwKHTr-Fivi  Vbars.     Small  crown  8to.  ell 
UPTON  {Major  R.  yj.)— Gleanings  from 

Loije  poit  8va.  cloth,  price  lOr.  hd. 
VAUGHAN  {H.   ffatford)—iiE.yf    Readin 

Shakupeark's  Tkaokdiks,    3  volt,  demy  '■ 
VILLARI  {Pro/asor^ — NiccoLO  Machiavei 

luted  by  Linda  ViUari.     3  vols.    Large  post  8 
VYNER  {Lady  ^jry)— Every  Day  a  Po 

Bible  and  the  Prayer  Book,  for  the  Prirate  D< 

hood.      Collected  ud   Edited  by  Lady  Ml 

extra,  price  y. 
WALDSTEIN  {CAarUs)   /HZ).— The    Ba 

Intellect  ;  an  Introductory  Euay  to  the  St 

dotb,  price  6>. 
WALLER  {Rev.  C.  A)— The  Apocalypse, 

the  Doctrine  of  the  Unfolding  Sga,  ud  the 

Svo.  price  ia>. 
WATSON  {Sir  T/amas)  BaH.,  Af.D.—Ti 

DisKASBS,  and  of  other  timilar  Enemta  of  Ui 

price  y,  id. 
WEDMORE  {Frederick)— IwK  Masters  oi 

Sixteen  lUwtTatioiis.     Crown  Svo.  dotl^  prio 

IVHEWELL  {Waiutm)  D-U.—llis  Lire  i 

CoRRSsroNDENCs.    By  Mn.  Stair  Douu 

Painting  by  Samuel  Laurence.    Demy  8vc 

Wff/TE  (A.  D.)  ZZ./>.— Warfare  of  Sent 

by  Professor  TyndaU.    Second  Edition.    Cro' 
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C  Kegan  PatU  6f  Cols  Publications. 


r2I 


WHITNE  Y(Prof.  William  JDwightj-^YssKH^TiKLS  of  English  Gramb^ar, 

for  the  Use  of  Schools.    Crown  8vo.  price  5^.  6</. 

WICKSTEED  (P.  JHy^DAVTE:  Six  Sermons.  Crown  8vo.  cloth, 
price  5j. 

WILLIAMS  {Rbwlafid)  D,D, — Psalms,  Litanies,  Counsels,  and 
Collects  for  Devout  Persons.  Edited  by  his  Widow.  New  and  Popular 
Edition.     Crown  8vo.  price  3^.  6d, 

Stray  Thoughts  Collected   from  the  Writings   of  the  late 
Rowland  Williams,  D.D.    Edited  by  his  Widow.    Crown  8vo.  cloth,  price 

WILLIS  (E.)  M,D, — Servetus  and  Calvin  :   a  Stud)r  of  an  Important 

Epoch  in  the  Early  History  of  the  Reformation.    8vo.  price  its, 

William  Harvey.    A  Histoiy  of  the  Discovery  of  the  Circulation 

of  the  Blood  :  with  a  Portrait  ot  Harvey  after  Faithoime.  Demy  8yo.  doth, 
price  14X.     Portrait  separate. 

WILSON  {Erasmus) — Egypt  of  the  Past.    With  Chromo-lithograph 

and  numerous  Illustrations  in  the  text.     Crown  8vo.  cloth. 

WILSON  (N.  ScAutz)— The   Tower    and    Scaffold.     A  Miniature 

Monograph.    Large  fcp.  8vo.  price  is, 

WOLLSTONECRAFT  (i»/iiry>— Letiers  to  Imlay.    New  Edition, 

with  Prefatory  Memoir  by  C.  Kegan  Paul,  author  of  •  William  Godwin  :  His 
Friends  and  Contemporaries,'  &c.  Two  Portraits  in  eau-forie  by  Anna  Lea 
Merritt.     Crown  8vo.  cloth,  price  6s, 

WOLTMANN  (Dr.  Alfred),  and  WOERMANN  (Dr.  Kart)^ 
History  of  Painting.  Edited  by  Sidney  Colvin.  Vol.  I.  Painting  in 
Antiquity  and  the  Middle  Ages.  With  numerous  Illustrations.  Medium  8vo. 
cloth,  price  2&r. ;  bevelled  lx)ards,  gilt  leaves,  price  3ar. 

WOOD   (Major- General  J,    Creighton) — Doubling    the    Consonant. 

Small  crown  8vo.  cloth,  price  is,  (xl. 

Word  was  Made   Flesh.    Short  Family  Readings  on  the  Epistles  for 

each  Sunday  of  the  Christian  Year.     Demy  8vo.  cloth,  price  los,  6J, 

WRIGHT  (Rev.  David)  M.A, — ^Waiting  for  the  Light,  and  other 

Sermons.     Crown  8vo.  price  6s, 

YOUMANS  (Eliza  A,) — An  Essay  on  the  Culture  of  the  Observing 

Powers  of  Children,  especially  in  connection  with  the  Study  of  Botany. 
Edited,  with  Notes  and  a  Supplement,  by  Joseph  Payne,  F.C.P.,  Author  of 
'  Lectures  on  the  Science  and  Art  of  Education,'  &c.     Crown  8vo.  price  2s,  6d, 

First  Book  of  Botany.      Designed  to  Cultivate  the  Observing 

Powers  of  Children.  With  300  Engravings.  New  and  Cheaper  Edition. 
Crown  8vo.  price  2s,  6d, 

YOUMANS  (Edward  L,)  M,D, — A  Class  Book  of  Chemistry,  on  the 

Basis  of  the  New  System.     With  200  Illustrations.     Crown  8vo.  price  5x. 

THE    INTERNATIONAL   SCIENTIFIC 


I.  Forms  of  Water  :  a  Familiar  Expo- 
sition of  the  Origin  and  Phenomena  of 
Glaciers.  By  J.  Tyndall,  LL.D., 
F.R.S.  With  25  Illustrations. 
Seventh  Edition.  Croifvn  8vo. 
price  .5/. 


II.  Physics  and  Politics  ;  or.  Thoughts 
on  the  Application  of  the  Principles 
of  'Natural  Selection'  and  'Inheri- 
tance' to  Political  Society.  By  Walter 
Bagehot.  Fifth  Edition,  Crown 
8yo.  price  4J-. 
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■ta.  Foods.  Bt  Edwud  Smith,  H.D., 
LL.B.,  F.R.S.  WithnniDeroMniiis- 
tntionL  Seventk  Editimi.  Crown  8va 

rV.  Mind  and  Body  :  the  Theories  ol 
their  Rdation.  By  Alezuider  Biin, 
LL.D.  With  Fonr  lUmtralions. 
Tenth  Edition.    Crown  8va.  price  41. 

V.  Thk  STf  DV  OF  SociOLCXiY.     By  Her- 

bert Spencer.    Tenth  Edition,   Crown 
8vo,  price  5j. 

VI.  On  thk  Conskkvation  op  Enbrcy. 
By  Balfour  Stewut,  M.A.,  LL.D., 
F.R.S.  With  14  lUnttnUiocu.  Fifth 
Edition.     Crown  Sto.  price  Sr. 

VIL  AHiliiALLocOHOTtoH;or,  Walkine, 
Swinuning,  and  Flying.  By  J.  B. 
Pettierew,  M.D.,  F.KS.,  &c  With 
130  lUottnttions.  Seoond  Edition. 
Oown  8to.  price  Jr. 

VIIL  Rbsponsibility  in  Mental 
DiSKASK.  By  Hetuy  Maadaley,  M.D. 
Third  Edidon.   Crown  8to.  price  5>. 

IX.  Thk  N«w  Chrmistby.  ByProfetMr 
J.  P.  Cooke,  of  the  Harvaid  Uni- 
venit^.  With  31  IllMtrWions.  Fifth 
Edition.     Crown  Svo.  price  5^. 

X.  Thk  SaENCx  of  Law.   By  Profetsor 

Sheldon    Amoi,        Fourth    Edition. 

Crown  Sto.  price  p. 
XL  Animal  Mkchanisu;  aTieatiK  on 

Terrcitrial  uid   Aerial    Locomotion. 

Bt  Profestor  E.  J.  Marer.     With  117 

ItlustratioDt.   Second  Edition.  Crown 

Sto.  price  51. 
XIL  Thr  Doctwnb  of  Descent  and 

Darwinism.      By    Professor    Oscar 

Schmidt  (Strasburg  UeiTcisity).  With 

36  lUustratioDs.   Fourth  EdiL   Crown 

8to.  price  St. 
XIIL  The  History  of  the  Conflict 

asTWEEN  Religion  and  Science. 

■Bj   J.   W.    Draper.    M.D.,    LL.D. 

Fifteenth     Edition.        Crown     Svo, 

XIV.  Fungi:  their  Nature,  InflueoMS, 
Uses,  &c  By  M.  C.  Cooke,  M.a, 
LL.D.  Edited  by  the  Rev,  M.  J. 
Berkeley,  M.A.,  F.I.S.  \^^th  nn- 
merous  Illustrattona.  Second  Edition. 
Crown  Svo.  price  Jj. 

XV.  The  Chemical  Effects  or  Licrt 
and  Photochapky.  By  Dr.  Her- 
mann Voeel  (PolytechDic  Academy  of 
Beriin).  Translation  thoron^lihr  re- 
vised. With  too  lUuEtraticMu.  Third 
Edition,     Crown  Sro.  price  Ji. 
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XXVII.  Modern  Chromatics.  With 
Applications  to  Ait  and  Industry*  By 
Ogden  N.  Rood.  With  150  original 
IllostnUions.  Second  Edition.  Crown 
8vo.  clothf  price  51. 

XXVIII.  The  Crayfish:  an  Introduc- 
tion to  the  Stndy  of  Zoology.  By 
Professor  T.  H.  Huxley.  #ith  82 
Illustrations.  Third  Edition.  Crown 
8va  cloth,  price  5j. 

XXIX.  The  Brain  as  an  Organ  of 
Mind.  By  H.  Charlton  Bastian, 
M.D.  With  numerous  Illustrations. 
Second  Edition.  Crown  8vo.  cloth, 
price  5/. 

XXX.  The  Atomic  Theory.  By  Prof. 
Wurtz.  Translated  by  G.  Clemin- 
shaw,  F.C.S.  Second  Edition.  Crown 
8vo.  cloth,  price  5/. 


XXXL  The  Natural  Gonditions  of 

.     lExiSTBNCB  as  THBY  APFBCT  ANI  M  AL 

Life.  By  Karl  Semper.  With  2  Maps 
and  106  woodcuts.  Second  Edition. 
Crown  8vo.  doth,  price  5/. 

XXXII.  General  Physiology  of 
Muscles  and  Nerves.  By  Prof.  J. 
RosenthaL  Second  Edition.  With 
Illustrations.  Crown  8vo.cloth,  price  5x. 

XXXIII.  Sight  :  an  Exposition  of  the 
Principles  of  Monocular  and  Binocular 
Vision,  By  Joseph  le  Conte,  LL.D. 
With  132  Ilhistrations.  Crown  8va 
cloth,  price  5^. 

XXXIV.  Illusions  :  a  Psychological 
Study.  By  James  Sully.  Crown 
8vo.  cloth,  price  5^. 

XXXV.  Volcanoes:  what  they  are 

AND      what      they      TEACH.        By 

Professor  J.  W.  Judd.  F.R.S.  With 
92  Illustrations  on  Wood.  Crown 
8vo.  doth,  price  51. 


MILITARY    WORKS. 


ANDERSON  (Col.  R.  P.)— Victories 
AND  Defeats  :  an  Attempt  to  ex- 
plain the  Causes  which  have  led  to 
them.  An  Officer's  ManuaL  Demy 
8vo.  price  14J. 

Arky  of  the  North  German  Con- 
federation :  a  Brief  Description 
of  its  Organisation,  of  the  Different 
Branches  of  the  Service  and  their  r^e 
in  War,  of  its  Mode  of  Fighting,  &c. 
Translated  from  the  Corrected  Edition, 
by  permission  of  the  Author,  by 
Colonel  Edward  Newdigate.  Demy 
8vo.  price  $/. 

BLUME  {Maj,  fT.)— The  Operations 
OF  THE  German  Armies  in  France, 
from  Sedan  to  the  end  of  the  War  of 
1870-71.  With  Map.  From  the 
Journals  of  the  Head-quarters  Staff. 
Translated  by  the  late  £.  M.  Jones, 
Maj.  20th  Foot,  Prof,  of  Mil.  Hist, 
Sfljodhurst.    Demy  8vo.  price  9/. 

BOGUSLAWSKI  (Capt.  A.  ww)— Tac- 
tical Deductions  from  the  War 
OF  1870-1.  Translated  by  Colonel 
Sir  Lumley  Graham,  Bart,  late  i8th 
(Royal  Irish)  Regiment  Third  Edi- 
tion.  Revised  and  Corrected.  Demy 
8vo.  price  ^s, 


HRACKENBURY  (LUuL^Col)  C,B,^ 
R.A.,  A,A,G, — Military  Hand- 
books for  Regimental  Officers. 
I.  Military  Sketching  and  Recon- 
naissance, by  Lieut. -Col.  F.  J.  Hut- 
chison, and  Capt.  H.  G.  MacGregor. 
Second  Edition.  With  15  Plates. 
Small  8va  doth,  price  6s,  II.  The 
Elements  of  Modem  Tactics  Practically 
applied  lo  English  Formations,  by 
Major  Wilkinson  Shaw.  Second  and 
Cheaper  Edition.  With  25  Plates  and 
Maps.     Snudl  cr.  8vo«  doth,  price  9ir. 

BRIALMONT  {Col  yf.)— Hasty  In- 
trenchments.  Translated  by  Lieut. 
Charles  A  Empson,  R.A.  With 
Nine  Plates.     Demy  8vo.  price  6s, 

CLERY  (C.)  Zirtiil -Co/.— Minor  Tac- 
tics. With  26  Maps  and  Plans. 
Fifth  and  revised  Edition*  Demy 
8va  cloth,  price  idr. 

DU  VERNOTS  {Cai.  von  Verdy)-^ 
Studies  in  Leading  Troops.  An 
authorised  and  accurate  Translation  by 
Lieutenant  H.  J.  T.  Hildyard,  71st 
Foot  Parts  I.  and  11.  Demy  8vo. 
price  7j« 
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GOETZE  {Caff.  A.  twn]— OnKATIoHS 
OF  THE  Geruan  Ekcineebs  dub- 
INC  TBE  Waeof  1870-1.  Pnbliibed 
hj  Anthoriljt,  and  in  accordance  with 
Official  Doamenti.  Tnnilated  from 
the  German  by  Ctdooel  G.  Gnluun, 
V.C,  C.B.,  R.E.  With  6  large 
Map*.    Demjp  Svo.  piiee  au. 

HARSISOtf  (Luia..Ci>l.  X.)  —  The 
OmcER's  Memoeanduu  Book  pox 
Peace  and  War.  Third  Edition, 
Oblong  32mo.  roan,  with  pcndl,  price 
31.  &£ 

/rSLy/G  {Catt.  /r.)— The  Operations 
OF  THE  Bavarian  Arhy  Corps. 
Tnuulatcd  bv  Captain  G.  S.  Schwabe. 
With  Five  Ini^e  Mapi.  In  3  voU. 
Demy  Sro.  price  24^. 
Tactical  Examples  :  Vol.  I.  The 
BaltiOion,  price  15^.  VoL  II.  The 
Regiment  and  Brigade,  price  icu.  6tl. 
Translated  from  ihe  Gennan  by  Col. 
Sir  Ldinley  Groham.  With  nearly 
300  Diagrams.     Demy  Svo.  cloth, 

HOFFBAUER  (Co/NL)— The  German 
Artillery  in  the  Battles  near 
Hetz.  Baaed  on  the  Official  Reports  of 
the  German  Artillery.  Translated  by 
"  pUin  £.  O.  HoIlisL  With  Map 
d  PLms.     Demv  8*0.  price  3ii. 

LAYUAAT.V  (Cff//.)  — The  Frontal 
Attack  op  Infantry.  Translated 
byCoIonelEdwudNewdigale.  Crown 
8*0.  price  z>.  dd. 

Notes  on  Cavalrv  Tactics,  Organi- 
sation, &c  By  a  Cavalry  Officer. 
With  Diognum.      Demy  Svo.  cloth, 
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PARR  {CaflH.  Haaam)  CA/.C—Tltii 
Dress,  Hordes,  and  Eqvipme.ntop 

ISFANTRV     ASW    SlAFF     OFFICERS. 

Crown  Svo.  cloth,  price  11. 

SCHELL  {liTai.  mh»)— The  Operations 
OF  THE  FIRST  Army  under  Gen. 
VON  GoEBSN.  Translated  by  Col. 
C  H.  von  Wright.  Four  Mapa. 
demy  Svo.  price  jw. 
The  Operations  of  the  First  Army 
under  Gen.  von  Steinmeti. 
TmnstatCd  by  Captain  E.  O.  Hollist. 
Demy  Svo.  price  lot.  6fll 


SCHBLLENDORF  (Majors 
— The  DtrriES  op  th 
Staff.  Translated  fitm 
by  Lieutenant  Hare.  Vi 
8vo.  doth,  price  lOr.  6^. 

SCiIERFF{Maj.  W.  m«)- 
THE  New  Infantk' 
Parts  I.  and  II.  TiansL 
Gennan  by  Colonel  Laa 
Demy  8vo.  price  "ji.  6d. 

SHADWELL  lAfa/.-Gm.)  C 
tain  Warfare.  Illust 
Campaign  of  1799  in 
Being  a  Translation  o 
Narrative  compiled  from 
the  Archduke  Charles, 
othen.  Abo  of  Notei 
H.  Dufour  on  the  Cam 
Viltelline  in  1635.  Wv 
Mips,  and  Introdncto: 
Demy  Svo.  price  1 61. 

SHERMAN  {Cm.  W.  T.)~ 
General  W.  T.  She] 
mander  of  the  Federal  I 
American  Civil  War. 
1  vols.  With  Map.  Dei 
34r.     Ctfyrighl  £H£iuA 

STUBBS  {Luut.-Cel.  F. 
Reciuent  of  Bengal 
The  History  of  its  Organi: 
ment,  and  War  Service 
from  Pubtithed  Works, 
cords,  and  various  Prii 
With  nuinerons  Maps  and 
3  vols.     Demy  Svo.  prio 

STV MM  {Lieut.  Hugo),  CVrj 
AOatkJ  to  the  Khwait  , 
Russia's  Advance 
Based  on  the  Official 
Translated  by  ClpL  C.  E. 
With  Map.     Crown  Svo. 


Compiled  for  Non-comm 

cen  and  Soldien  of  all  t 

crown  Svo.  price  3r.  hd. 

VOLtTNTEER,    THE  MlLn 

THE  Regular  Sold 
Public  Schoolboy.  Cnr 
price  5r. 
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IVARTRNSLEBEN  (Count  H.  van,)— 
Ths  Operations  of  the  South 
Army  in  January  and  February, 
1871.  Compiled  from  the  OfficUl 
War  DoeumenU  of  the  Head-quar* 
ters  of  the  Southern  Army.  Trans- 
lated by  Colonel  C.  H.  von  Wright. 
With  Maps.     Demy  Svo.  price  6f. 

The  Operations  of  the  First  Army 
UNDER  Gen.  von  Manteuffel. 
Translated  by  Colonel  C.  H.  von 
Wright.  'Uniform  with  the  above. 
Demy  Svo.  price  91. 


WICKHAM  (Capt.  E,  H.,  R,A,)^ 
Influence  of  Firearms  upon 
Tactics  :  Historical  and  Critical 
Investigations.  By  an  Officer  of 
Superior  Rank  (in  the  German 
Army).  Translated  by  Captain  £.  H. 
Wickham,  R.A.  Demy  Svo.  price 
7/.  6i/. 

WOINOVrrS  (Capt,  /.)  — Austrian 
Cavalry  Exercise.  Translated  by 
Captain  W.  S.  Cooke.  Crown  Svo. 
price  7x. 


ADAMS  {W,  Z?.  — Lyrics  of  Love, 
from  Shakespeare  to  Tennyson.  Se- 
lected  and  arranged  by.  Fcp.  Sva 
cloth  extra,  gilt  edges,  price  31.  dd, 

Antiope  :  a  Tragedy.  Large  crown  Svo. 
cloth,  price  6f. 

AUBERTIN{y^,y-CKyLozii%*  Lusiads. 
Portuguese  Ixxt,  with  Translation  by. 
Map  and  Portraits.  2  vols.  Demy 
Svo.  price  30/. 

.  Seventy  Sonnets  of  Camoens.  Por- 
tuguese Text  and  Translation,  with 
some  original  Poems.  Dedicated  to 
Capt.  Richard  F.  Burton.  Printed  on 
hand  made  paper,  cloth,  bevelled 
boards,  gilt  top,  price  7x.  6d, 

A  VIA  —The  Odyssey  of  Homer.  Done 
into  English  Verse  by.  Fcp.  4to. 
cloth,  pnce  15^. 

BANKS  {Mrs,  G,  Z,)— Ripples  and 
Breakers  :  Poems.  Square  Svo. 
cloth,  price  5^. 

BARNES  {lVi//iam)^To^MS  of  Rural 
Life,  in  the  Dorset  Dialect. 
New  Edition,  complete  in  one  vol. 
Crown  Svo.  cloth,  price  Ss.  6cl. 

BENNETT  {Dr,  W,  C.)— Narrative 
Poems  and  Ballads.  Fcp.  Svo. 
sewed,  in  Coloured  Wrapper,  price  is. 

Songs  for  Sailors.  Dedicated  by 
Special  Request  to  H.R.H.  the  Duke 
of  Edinburgh.  With  Steel  Portrait 
and  Illustrations.  Crown  Svo.  price 
3J.  6</. 

An  Edition   in    Illustrated  Paper 
Covers,  price  is. 

Songs  of  a  Song  Writer.  Crown 
Svi).  price  6f. 


BEVINGTON  (Z.  5-.)— Key  Notes. 
Small  crown  Svo.  cloth,  price  5^. 

BOWEN  {H,  C)  ^.y#.— Simple  Eng- 
lish Poems.  English  Literature  for 
Junior  Classes.  In  Four  Parts.  Parts 
I.  II.  and  III.  price  dd,  each, 
and  Part  IV.  price  \s, 

BRYANT  [W,  O  — Poems.  Red-line 
Edition.  With  24  Illustrations  and 
Portrait  of  the  Author.  Crown  Svo. 
cloth  extra,  price  is,  6d, 

A  Cheap   Edition,    with    Frontis- 
piece.    Small  crown  Svo.  price  y,  6d, 

BUTLER  {Aifred y.)—AviMiKSTH  ani> 
Asphodel.  Songs  from  the  Greek 
Anthology.  Small  crown  Svo.  cloth, 
price  2s, 

BYRNNE  {E,  /bfr/ajr)— Milicent  :  a 
Poem.  Small  crown  Svo.  cloth, 
price  6s, 

Calderon's  Dramas  :  the  Wonder- 
working Magician — Life  is  a  Dream 
— the  Purgatory  of  St.  Patrick.  Trans- 
lated by  Denis  Florence  MacCarthy. 
Post  Svo.  price  tor. 

CLARKE  (Mary  C£^wi5r;i)— Honey  from 
THE  Weed.  Verses.  Crown  Svo. 
cloth,  ys. 

COLOMB  {Colons/) ^TiiR  Cardinal 
Archbishop  :  a  Spanish  Legend. 
In  29  Cancions.  Small  crown  Svo. 
cloth,  price  $s, 

CONIVAY  (ffugk)^K  Life's  Idylls. 
Small  crown  Svo.  cloth,  price  31.  6d, 

COFFEE  (/him-w)— L'ExiLftE.  Done 
into  English  Verse,  with  the  sanction 
of  the  Author,  by  I.  O.  L.  ~  Crown 
Svo.  vellum,  price  5^*. 
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•an.  dod^  price  5^ 
CMBXSWELL  (Jfrx.  Cy-Tm*.  Knc*i 

DAV/EMT./imrft—CATTnAjn. 
tMedntoEaffiAVoK.  " 
ddiK  price  fi;^ 

Ckcat: 

oowB  Sto.  price  5f . 
Thb  Ikfaxt  Bkidai, a^  clbcr  riiiai 

A  New  aa4  Eoluged  EHition     Fcp. 

Sro.  price  7r.  6^. 
Lkcmx   or    THE    Saxox    Saists 

Small  cntwn  Svo.  clotli,  price  iii. 
Thk  Liu^ENw  or  St.  Patuce,  nd 

other  Poeini,    Smll  ct.  Sto.  price  5<^ 
Sir.  Thomas  or  Cakteibcry  :  a.  Dim- 

maiicVoaa.     Laigelcp.  >«&  price  51. 
Antak  A!ci>  Zaba:  an  EaHen  Romance. 

iNiiirAiL,  and  other  Foemi,  Mediu- 

tive  ami  Ljrncal.     Fcp.  Swo.  price  6t. 
The  Fall  or   Roba,  Thb  Search 

AITER  pROfERPllte,  and  other  Poemi, 

Hedilative  and  Ljrical,    Fcp.  Svo.  61. 
DOBELL  \,Mn,  //'#»>%]— Etheutone, 

KvELlNE,  and  olbet  Foemc     Ciown 

Ijvo.  cl(j(h,  £1. 
DOBSON     (AuiHn\  —  Vigkettej      IN 

Khvmr,  and  Ven  de  SodAe.     Third 

Kdition.     Fcp.  Svo.  price  ji. 
PKuVRRUa   IN    FoRCELAiN.      By   the 

Author   of   'Vienectea   in    RhTme.' 

Scconil  Edition.  Crown  Svo.  price  6r. 
DOKOiHY  :    »  Connlrj  Slorjr   in  El^iac 

Vcrae.     With    i'rebcc.     Demy  Svo. 

cliilh,  price  5^. 
DQWDEM   {Edward)    LL.D.—Poais. 

Second  Kdition.     Fcp.  Svo.  price  St. 
DOWNTON  {Rev.  If.)  M.A.~n\yit<» 

AND   Vrrses.     Original  and  Tram- 

lalLil.     SihaII  crown  Svo.  cloth,  price 

p.dd. 
DUTT  {Teru\—K  Sheaf  Gleaned  in 

Frkhch  Fjklds.    New  Edirion,  with 

I'orlrait.     Dcmy,8vu.  cloth,  101,  bd. 
EDWARDS      {Ktv,      Baiil)  —  Minor 

ClIORIM  ;  or,  Songs  Tor  the  SuflerinE  : 

a  Volume  of  Vcne.    Fcp.  8va  cloth, 

price  y,  bJ, ;  paper,  price  it.  id. 


:  rffrrr  iraij  fwr^rii 


Enc  or  Rams  fTHEV    Bi 

of'Soi^orTnWari^ 

t/i^kn.    FcplSto-  price 

V  JU»  a      — 


Meuotim  far  Ga>xe  R 
410.  dotl^  olia'gBl  lean 
ndaLa^  Paper Editi) 
tiai^  price  101.  bd. 

EVANS   t*i«^-PoEiis    A 
Wnk    H^MKia]     Pie£>o 
Thacrxrat  Rttchie, 
Svo.  doth,  price  7fc 

CaS^f  lEdmand  »'.)— Ni 
CimmSm.  cloth,  price  J 

GREENOUCH  {.Vra.  JPii, 
Magdalene  :  %  Poem. 
Svo.  parchment  aniiqti 
boards,  price  fu. 

GwEy  ;  a  Drama  in  Monolof 
Author  of  the '  Epic  of  Ha 
Editicxi.     Fcp.  Svo.  clotl 

HA  WKER  {Rett.  SUflun)—' 
CAL  Works  OP,  Now  ii 
and  arranged.  WilhaPrd 
by  J.  G.  Godwin.  Wi 
Crown  Svo.  cloth,  price  i 

ffA  WTRE  y(EdavrdM.)--i 
a  Story  of  the  Sicilian 
Small  crown  Svo.  doth,  [ 

HOLMES  {E.  G.  /f.J— PoEji 
Second  Series.      Fcp.  8t 

INCHBOLD  {J.  W.J— ANNt 
SonnetB.     Fcp,  8va  pri« 

JENKINS  {Rtv.  aintH)—T 
Legend  op  Frato.  i 
Svo.  doth,  price  21. 

Jsroveam's  Wife,  and  other  I 
Svo.  doth,  price  y.  6d, 


C  Kegatt  Paul  &  Co*s  PublicoHons. 


27 


KING  (i?<^EiMinf)— Echoes  from  the 
Orient.  With  MisceUaneous  Poems. 
Small  crown  8to.  doth,  price  3^.  dtU 

KING  {Mrs.  IIamilUn)—Tm,  DisciPLES. 
Fourth  Edition,  with  Portrait  and 
Notes.    Crown  8ro.  price  7/.  6tL 

.  Aspromonte,  aiid  other  Poems.  Second 
Edition.    Fcp.  8va  price  41.  6J. 

LAIRD' CLO  WES  ( W. )— Love's  Rebel- 
LION :  a  Poem.    Fcp.  8vo.  cloth,  price 

LANG  (yf .)— XXfCII  Ballades  in  Blue 
China.  Elzevir  8vo.  parchment, 
price  5^. 

LEIGH  (Arran  and  /jiii)— Bellero- 
PHdN.  Small  crown  8vo.  doth, 
price  5j. 

LEIGHTON  {Roderfj— Records  and 
other  Poems.  With  Portrait.  Small 
crown  8vo.  cloth,  price  71.  6^. 

LOCKER  (/:)— London  Lyrics.  A 
New  and  Revised  Edition,  with  Addi- 
tions and  a  Portrait  of  the  Author. 
Crown  8vo.  doth  el^;ant,  price  6s. 

Love  Sonnets  of  Proteus.  With 
Frontispiece  by  the  Author.  Elzevir 
8vo.  doth,  price  5^. 

LOWNDES  (Henry)  —  Poems  and 
Translations.  Crown  8vo.  doth, 
price  dr. 

LUMSDEN  [LtetU.'Col,  H.  fT.)— Beo- 
wulf:  an  Old  English  Poem. 
Translated  into  Modem  Rhymes. 
Small  crown  8vo.  doth,  price  5/. 

MACLEAN  (Charles  Donald)--lATis 
and  Greek  Verse  Translations. 
Small  crown  8vo.  cloth,  2s, 

MAGNUSSON  (Eirikr)  M.A.,  and 
PALMER  (E,  ff,)  iW.^.— Johan 
Ludvig  Runeberg's  Lyrical  Songs, 
Idylls,  and  Epigrams.  Fcp.  8vo. 
doth,  price  5^*. 

Marie  Antionette  :  a  Drama.    Small 
crown  8vo.  cloth,  price  51. 

MIDDLETON  (The  Lady)—'RKL'LKDS. 
Square  i6mo.  doth,  price  3^.  td. 

Monmouth  :  a  Drama,  of  which  the  out- 
line is  Historical.  (Dedicated,  by  per- 
mission, to  Mr.  Henry  Irving.)  Small 
crown  8vo.  cloth|  price  5^. 


MOORE  (Mrs.  Blaom/£eld)^GoifDALniZ*9 
Lesson  :  The  Warden's  Tale,  Stories 
for  Children,  and  other  Poems.  Crown 
8vo.  doth,  price  5j. 

MORICE  (Rev.  F.  D.)  3f.^.— The 
Olympian  and  Pythian  Odes  of 
Pindar.  A  New  Translation  in  Eng- 
lish  Verse.    Crown  8vo.  price  Is.  6di 

MORSHEAD  (E.  D.  ^.)— The  House 
Atreus.  Being  the  Agamemnon, 
Libation-Bearers,  and  Furies  of 
.^schylus.  Translated  into  English 
Verse.    Crown  8vo.  cloth,  price  71. 

MORTERRA  (/v/ix)— The  Legend  op 
Allan  dale,  and  other  Poems.  Small 
crown  8vo.  cloth,  price  dr. 

NADEN  (Constance  fT.)— Songs  and 
Sonnets  of  Spring  Time.  Small 
crown  8vo.  cloth,  price  51. 

NICHOLSON  (Edward  B. )  Ltbrarian  of 
the  London  InstUuHon^Tax,  Christ 
Child,  and  other  Poems.  Crown 
8vo.  dothf  price  4X.  dd. 

NOAKE  (Major  R.  Compton) -- The 
Bivouac  ;  or.  Martial  Lyrist  With 
an  Appendix  :  Advice  to  the  Soldier. 
Fcp.  8va  price  5^.  6d» 

NOEL  (The  Hon  Roden)—A  Little 
Child's  Monument.  Small  crown 
8vo.  doth,  3f.  6d, 

NORRIS  (Rev.  Alfred) —Tvle  Inner 
AND  Outer  Life  Poems.  Fcp.  8vo. 
cloth,  price  dr. 

Ode  of  Life  (The).  By  the  Author  of 
•The  Epic  of  Hades*  &c.  Third 
Edition.     Crown  8vo.  cloth,  price  5/. 

O' HAG  AN  0>l«)— The  Song  of 
Roland.  Translated  into  English 
Verse.  Large  post  8vo.  parchment 
antique,  price  \os.  6d. 

PALMER  (Charles  Walter)^THE  Weed: 
a  Poem.  Small  crown  8vo.  doth^ 
price  3J. 

PAUL  (C,  A^aif)— Goethe's  Faust.  A 
New  Translation  in  Rhyme.  Crown 
8vo.  price  df. 

PAYNE  (y<>;i«)— Songs  of  Life  and 
Death.    Crown  8va  doth,  price  51. 
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PRNNELL  (//.  I 

RuADbUcn.   BrtbeAotJMrof'Pock 
oi  P<cu>,' Ac.  Ac    WUbTcaFDU- 
llliutnliam    fcr   Genie    Dn 
ricr.    Second  Editim.    Fcp.  41a. 
doch  ekgMt,  ptiee  la/.  id. 

PPBIPPBR   (f«nlj>t— Glam    AuutCH  : 

Hi*   SilcDce  and    Song:    a   Poem. 

Second  Edition.   Crown  Stol  price  6f. 

Ckkakd'*  Momvuekt  and  otber  Poem*. 

Second  EdUioo.    Croan  Svo.  cloth, 

Quaktuman'i      Gkacb,    and    other 
Poenu.    Crown  8vo.  dotb,  price  51. 

PoEMi.    Second  Edition.    Crown  8vo, 
cloth,  price  &ii 

Sonnets  aki>  Somcs.  New  Editicm. 
iSmo.  handiomelf  printed  and  boond 
in  cloth,  gill  edge*,  price  4/. 
FIKE  \Warburl»n)—1va.  Infekno  of 
Dantb  Aliokiui.  Demy  Svdl 
cloth,  price  51, 
P//OADES  fjamei)— till.  Georgics  op 
ViKDiL.  TraiwUted  inio  Engliih 
Vene.       Small    crown    Svo.    cknh, 

P03/A'S0JV{A.  MatyF.)-K  Hakdful 
or  HONRYXUCKLE.  Fcp.  8vo.  cloih, 
price  y.  &/. 
TiiK  Crowneh  Hipi-olvtus.  Trana- 
Ulc'l  from  Kuripidc*.  With  New 
I'oemii.      Small    crown    Svo.    clolh, 

SnF.l.t.RY  (Pirey  Byithe)  —  Poems 
.Ski.ecteii  from.  Dedicated  to  Lady 
Shelley.  With  Preface  by  Richard 
(iamelt.  Printed  on  hand.nude  paper, 
wllh  miniature  frontispiece,  klzevir 
8vn.  limp  parchment  antique,  price  &. ; 
vellum,  price  ^^.  td, 
.M'/AW£^  (7i<H«)— CiELESTiA.  The 
Manual  ofSL  Augustine.  The  Latin 
Text  Hide  by  side  with  an  English 
Interprelatlonin  Thirty-six  Ode*  with 
Niites,  aiiil  a  plea  />r  lie  study  e/ 
Mystical  Thcolagy.  La^c  crown 
Svo.  ctulh,  6s. 
SONOS  OP  Two  Worlds.  By  the  Author 
of  'The  Kpic  of  Iladei.'  Fifth 
Kdition.  Complete  In  one  Volume, 
with  Portrait.  Yep.  8»o.  doth, 
price  J),  6J. 
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TENNYSON  (Al/red^-'CaaX. 

Tennvson*s  Songs  Set  to  Music  by 
various  Composers.  Edited  by  W.  J. 
Cusins.  Dedicated,  by  express  per- 
mission, to  Her  Majesty  the  Queen. 
Royal  4to.  cloth  extra,  gilt  leaves,  price 
2ljr.;  or  in  half-morocco,  pr^ce  25^. 

Original  Editions : — 
Ballads,  and  other  Poems.    Fcp.  8vo. 
doth,  price  5/. 

Poems.    Small  8vo.  price  6s, 

Maud,  and  other  Poems.  Small  8vo. 
price  3/.  6d, 

The  Princess.    Small  8vo.  price  3/.  6d. 

Idylls   of  the   King.    Small  8vo. 

price  5x. 
Idylls  of  the    King.      Complete. 

Small  8vo.  price  6s, 
The  Holy  G&ail,  and  other  Poems. 

Small  8vo.  price  4^.  (ki, 
Ga&eth  and  Lynette.    Small  8vo. 

price  y, 
Enoch  Arden,  &c.    Small  8vo.  price 

y.6d. 
In  Memoriam.     Small  8vo.  price  4^. 
Harold  :    a  Drama.     New  Edition. 

Crown  8vo.  price  dr. 
Queen  Mary  :  a  Drama.     New  Edi- 
tion.    Crown  8vo.  price  6s, 
The  Lover's  Tale.    Fcp.  8to.  cloth, 

y.  6d. 
Selections  from  the  above  Works, 

Super  royal  i6mo.  price  y.  6d, ;  cloth 

gilt  extra,  price  \s. 
Songs    from    the   above   Works. 

i6mo.  cloth,  price  2s,  6d,\  cloth  extra, 

Zs,6d, 
Idylls  of  the  King,  and  other  Poems. 

Illustrated  by  Julia  Margaret  Cameron. 

2  vols,  folio,  half-bound  morocco,  cloth 

sides,  price  £6,  6s,  each. 

Tennyson  for  the  Young  and  for 
Recitation.  Specially  arranged. 
Fcp.  8vo.  is,  6d, 

The  Tennyson  Birthday  Book.  Edited 
by  Emily  Shakespear.  32mo.  cloth 
limp,  2s, ;  cloth  extra,  y, 
%♦  A  superior  Edition,  printed  in  red 
and  black,  on  antique  paper,  specially 
prepared.  Small  crown  8vo.  cloth, 
extra  gilt  leaves,  price  5^.;  and  in 
various  calf  and  morocco  bindings. 
An  Index  to  In  Memoriam.    Price  is. 


THOMPSON  (Alice  C.)— Preludes  :  a 
Volume  of  Poems.  Illustrated  by 
Elizabeth  Thompson  (Painter  of  *The 
RoU  Call').    8vo.  price  ^s.  6d. 

THRING  {Rev,  Gcdjrey),  A-^x.— Hymns 
and  Sacred  Lyrics.  Fcp.  8vo. 
price  3J.  6d, 

TODHUNTER  (Dr.  9C)  — Laurblla. 
and  other  Poems.     Crown  8vo.  6s,  6d, 

.  Alcestis:  a  Dramatic  Poem.  Extra 
fcp.  8vo.  cloth,  price  5/. 

A  Study  of  Shelley.  Crown  8vo. 
cloth,  price  7j. 

TOLINCSBY  (/hrrO  —  Elnora  :  an 
Indian  Mythological  Poem.  Fcp.  8vo. 
cloth,  price  6s, 

Translations  from  Dante,  Petrarch, 
Michael  Angelo,  and  Vittoria 
CoLONNA,  Fcp.  8vo,  cloth,  price 
7j.  6d, 

TURNER  (Rev,  C,  7Wiii;'x<»/i)— Sonnets, 
Lyrics,  and  Translations.  Crown 
8vo.  doth,  price  4^.  6(L 

Collected  Sonnets,  Old  and  New. 
With  Prefatory  Poem  by  Alfred 
Tennyson  ;  also  some  Marginal 
Notes  by  S.  T.  Coleridge,  and  a 
Critical  Essay  by  James  Spedding. 
Fcp.  8vo  cloth,  price  *js,  6d, 

lVALTERS(SophiaLydia)—lYiiL  Brook  : 
a  Poem.  Small  crown  8yo.  cloth, 
price  3J.  6d, 

A  Dreamer's  Sketch  Book.  With 
21  Illustrations  by  Percival  Skelton, 
R.  P.  Leitch,  W.  H.  J.  Boot,  and 
T.  R.  Pritchett.  Engraved  by 
J.  D.  Cooper.  Fcp.  4to.  cloth,  price 
I2f.  6^. 

WATERFJELD  (IK)  — Hymns  for 
Holy  Days  and  Seasons.  32mo. 
cloth,  price  IS,  6d, 

WATSON  (Wmiam)—1\iz  Prince's 
Quest,  and  other  Poems.  Crown 
8vo.  cloth,  price  y. 

WA  Y(A,)  Af.  A. —The  Odes  of  Horace 
Literally  Translated  in  Metre. 
Fcp.  8vo,  price  2j. 

WEBSTER  (i4«rj«j/fl)  — Disguises:  a 
Drama.  Small  crown  8vo.  doth, 
price  5j. 

Wet  Days.  By  a  Farmer.  Small  crown 
8vo.  cloth,  price  dr. 
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A  List  of 


mZJCJNSfWiBUMit—^a>K»  or  Study. 

Cnmn  SfD.  dodi,  price  fir. 
WtLLOUGHBY  (TV  Ax.  JAr.)— On 

THE  NOKTH  WlNIV— ThBTIXDOWH  : 

kVahBDcofpMHH.  EkgHtflylxiBiid, 
smD  cnmn  Sra.  pas  7a  fiA 


■WORKS  OF  FICTION  IN  ONE   VOL 


BANKS  \Mrz.    G.   Z.)—Goifs   P»ofi-  . 

DEKCC  HonsK.    New  Edition.   Cnnm  ; 

Snx  doth,  price  3i;  U  I 

BETHAM-EDWARDS  {^Ka M.^—         \ 

Kjtty.    Yrlth  a  Fiuntiqwce.    Cnnm  I 

8*a>  price  6a  I 

Blitb    Roses  ;    or,     Hdoi  Milmo&la's  | 

Uani^e.    ^  the  Author  of  '  Vjn.'  . 

New  f^    Cncap^  Kditinn,      TSlth 

FnxitEpiecc.       Cnnm    Sto.     clotb,  i 

FRtSWELL  (7-  /Tin)— One  W  Two  ;  ' 
or.  The  Left-Haaded  Bride.  Cn>w>  , 
Sti>.  doth,  price  y.  €J. 

GARRETT  (i-.>— By  Still  Watds  :  \  i 
Storj  ix  C^ikt  Hoon.  With  Scren  i 
QhistntioDS.    CiDwm  Smx  price  fir. 

BARDY  \Ttmmmii^\  PAIS  or  Blitk  ' 
E\-KS.  AntbOTt/'FarboMlhcMad- 
£ng  Citrwd.'  New  ¥<titicii.  Crown 
Stol  price6i. 
Ths  Rxttk-s  of  TVS  Native.  New  \ 
Editkn.  With  Frootiipiecc.  Crown  , 
S*o.  doih,  price  6r.  ' 

HOOPER  (JAv.  C.)— Thk  Horn  or 
RjtSY.    CiovnSro.  doth,  price  3<.  6^ 

/iVC££OirO(wr>— Oft  THE  Skxlucs: 
a  NoreL  n  oh  Fraotisfiiecc:.  Secod 
EditkB.     Crown  Stol  doth,  price  &. 

^ACDOXALD  (C.)— MAi£oUi.  With 
Poitnit  of  Ifae  Amhor  u^iaiul  on 
Sled.    FoBith  Editjoo.     CnnrnSro. 

The    Maxqcis    of     Lossie.    Second  ' 
Edition.     With  Froadspiecc    CiMra 
Stx).  cJoth,  price  ftt. 
ST.GciaKCEA>DST.  MiCHAEi-  Second  . 
Editko.    nnh  FiDot^aecc^    Ciwvn 
Sto.  doth,  6if. 
JIASTERMAX     (7)  — Half-A-Docek  '. 
DAircBTKKs.   OtjnSio.  dMLnioe  ' 

MEREDITff  (Onz^  —  Ceseal  or  ; 
RiCBAED  Fktckel.  New  EditiMa.  I 
Oown  Sto,  do^  [rice  6i;  | 


MEREDJTlf{Gm:gty-eaDi 


PALGRAVE  {W.  G^fint) 
AcKA  :  an  Euton  Nair 
Editkn.     Cnnra&ra.  d 

Fakditkasc  Hari;  or,  % 
Hindoo.  ^Hh  an  Intra 
bee  br  Sir  H.  Buth 
CCSlL.  C.B.    Crown 

PAUL  (JArjwtf  Apia)—i 
SmPLK :  A  Stoty.  New 
Fditim,  with  Fnutiifa 
8n>.  price  6i. 

SAirm)ERS   0<«)_IsB 
Oteemak:  a  Snsy    «t 
Crown  8*0.  price  6i. 
Abel  Dbak^s  Wife. 

ckitfi,pfwe3L  6d. 
HiEELL   Crown  Sto.  clotli 

Stf AW  (Flora  Z.)-Castli 
Story  of  Vootlkfid  LiTa 
CbcapcT  Edition,  with  '. 
Crown  8tu  price  fir, 

STRETTOX  iSata)  —  T 
Nsxdlk's  Eye  :  a  Stoij 
Oieapef  EditiciB,  with 
Crown  Stoi.  doth,  price  ( 

TA  YLOR  {Ctt.MmimifiCS. 

Sexta  :  a  Nord.     New  i 

F^itiiT^     WithFrootisH 

Sto,  doth,  price  6k. 

TiFTOO  SrLTArN :  a  Tale  i 

W«i.  New  EditicB,  with 

Crown  %to.  dcicl^  price  I 

Raifb  Dabxeli.    New 


Snib  dod^  price  6k. 

A  NOELE  QlTEKX.      New 

otol  uut^  price  fii> 


C.  Kegan  Paul  &  CoJs  PublUaiums. 


31 


TAYLOR  {Col.  Miadaws)'-<oni. 

The     Confessions     of    a    Thug, 
Crown  8vo.  price  6j.. 

Taea  :  a  Mahratta  Tale.    Crown  8vo. 
price  6f  • 


THOMAS  {Moyy^K  Fight  for  Life, 
Crown  8va  doth,  price  3x.  6d. 

Within  Sound  of  the  Sea.  New 
and  Cheaper  Edition,  with  Frontis- 
piece. .  Crown  8vo.  cloth,  price  dr. 


BOOKS   FOR   THE   YOUNG. 


Aunt  Mary's  Bran  Pie.  By  the  Author 
of  *St.  OlaveV    Illustrated.     Price 

BARLEE  {E/Ien)— Locked  Out:  a  Tale 
of  the  Strike.  With  a  Frontispiece. 
Royal  i6mo.  price  is,  6d, 

BONWICK  (7.)  Z:^.  (7.5; —The  Tas- 
MANIAN  Lily.  With  Frontispiece. 
Crown  8vo,  price  5s. 

Mike  Howe,  the  Bushranger  of  Van 
Diemen*s  Land.  New  and  Cheaper 
Edition.  With  Frontispiece.  Crown 
8vo.  price  3^.  (id. 

Brave  Men's  Footsteps.  By  the  Editor 
of  'Men  who  have  Risen.'  A  Book 
of  Example  and  Anecdote  for  Young 
People.  With  Four  Illustrations  by 
C.  Doyle.  Sixth  Edition.  Crown 
8ro.  price  35.  6^. 

Children's  Toys,  and  some  Elementary 
Lessons  in  General  Knowledge  which 
they  teach.  Illustrated.  Crown  8vo. 
doth,  price  $/. 

COLERIDGE  (5i7r<7)— Pretty  Lessons 
IN  Verse  for  Good  Children, 
with  some  Lessons  in  Latin,  in  Easy 
Rhyme.  A  New  Edition.  Illus- 
trated.      Fcp.     8vo.    doth,     price 

Z/ANVERS  {M  ^.)— Little  Minnie's 
Troubles  :  an  Every-day  Chronicle. 
With  4  Illustrations  by  W.  H.  Hughes, 
Fcp.  cloth,  price  y,  6</. 
Parted  :  a  Tale  of  Clouds  and  Sunshine. 
With  4  Illustrations.  Extra  fcp.  8vo. 
cloth,  price  3^.  6d, 

Pixie's  Adventures  ;  or,  the  Tale  of 
a  Terrier.  With  21  Illustrations. 
i6mo.  doth,  price  41.  6</. 

Nanny's  Adventures  :  or,  the  Tale  of 

a  Goat.    With  12  Illustrations.    l6mo. 

doth,  price  4r.  6d, 

DA  VIES   {G.    Christopher)  —  Rambles 

and  Adventures  of  our  School 

,  Field  Club.  With  Four  Illustra- 
tions.   Crown  8vo.  price  5/. 


DRUMMOND  (ilfEfx)— Tripp's  Build- 
INGS.  A  Study  from  Life,  with 
Frontispiece.  Small  crovm  8vo.  price 
jr.  dd, 

EDMONDS  (Herbert)  —  Well  Spent 
Lives  :  a  Series  oif  Modem  Biogra- 
phies.   Crown  8vo.  price  5/. 

EVANS  (Mark)— The  Story  of  our 
Father's  Love,  told  to  Children; 
Fourth  and  Cheaper  Edition  of 
Theolo^  for  ChUdren.  With  Four 
Illustrations.     Fcp.  8vo.  price  is.  6d. 

FARQUHARSON  (M.) 

I.  Elsie    Dinsmore.      Crown   8vo. 
price  y.  dd. 

II.  Elsie's  Girlhood.     Crown  8vo. 
price  y.  dd. 

III.  Elsie's  Holidays  at  Roselands. 
Crown  8yo.  price  3^.  6«/. 

HERFORD  (Brooke)— 'TiXE  Story  of 
Religion  in  England  :  a  Book  for 
Young  Folk.  Cr.  8vo,  doth,  price  5^. 

INGELOW  (Jean)  —  The  Little 
Wonder-horn.  With  Fifteen  Illus- 
trations.    Small  8vo.  price  zr.  dd. 

yOHNSON(  VtrginiaW.yJlHECh'V^YiMA. 
Fairies.  Illustrated  by  Alfred 
Fredericks.    Cloth,  price  y. 

KER  (David)— HviE  BoY  Slave  in 
Bokhara:  a  Tale  of  Central  Asia. 
With  Illustrations.  New  and  Cheaper 
Edition.    Crown  8vo.  price  y,  6d, 

The  Wild  Horseman  of  the  Pampas. 
Illustrated.  New  and  Cheaper  Edi- 
tion.   Crown  8vo.  price  y.  6d. 

LAM0N7  (Martha  MaeDonaId)^TuE 
Gladiator  :  a  Life  imder  the  Roman 
Empire  in  the  bcginnme  of  the  Third 
Century.  With  4  Illustrations  by 
H.  M.  Paget.  Extra  fcp.  Svo.  cloth, 
price  3x.  M 
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LEANDBK 

br  PanUmi  a  Gmnillc.  With  Eight 
FoIl-iHR  IDBAatiom  by  M.  E. 
Fmct-Tjtkr.  Crown  Sro.  price  51-. 
tEE  (AdM— HnTiTUor  HoKOUK. 
A  Book  ibr  Ciil>.  Nnr  EdUkn. 
mih  m  Fimd^iece.      Cniwn  Sm. 


Z£H'/5(JA>7^.)— ARatwith  Thkee 
Talf^  Kcw  *nd  Cbeipci  Edbion. 
Wth  Foot  lUonnlMMu  %  CfitlteriDe 
F.  Fiwe,     Price  y.  td. 

JVC  CLISTOCK  (Z.)— Sib  Spakglk 
AND  THE  Di!(cv  Hem.  HlBxtrUciL 
Square  crown  Stol  price  3/.  61/. 

NAC  KBNHA  \S.  TJ— Plucky  Fel- 
LOWS.     A  Book  (at  Bon.     With  Six 
IllutnUion*.   Foarth  Editim.    Crown 
8»o.  pri<e  3».  IUI 
At  School  wrm  an  Old  Dsacoon. 
Wiih      Six      lUiulraUon*.         Tliinl 
Ediiion.     Ciowti  Svo.  price  51. 
MALDEN  {M.  £.)— P^ikcks  and  Pein- 
cesses:  Two  Fi^Tdct.  lUnitiited. 
Small  crown  Sro.  price  is.  id. 
Mastek    Souy.      B7   ibe   Astbor  of 
'Chriitina  Nort)).'      With  Six  Illni- 
inlioo*.    Fcp>  Svo.  doth,  price  y.  6d. 
NAAKE    (7.     7:)— Slavonic    Fatry 
Tales.       From     Riusian,     Servian, 
Polish,  umI  Bohemian  Sources.    Wilh 
FowIUnttrUHHU.  Crown  8vo.  price  5/. 
/'£Z££rWA'(£.)— THEDESEkT  Pastor, 
Jean  Jaroussbau.     Translaled  fnim 
the  French.     By  Colonel  £.   F.   De 
L'Hoste.    With  a  Frontiipiece.    New 
Eilition.     Fcp.  8vo.  price  y.  6J. 
SEANEY  {Mrs.  G.  J.)— Waking  and 
Working  ;    or,   From    Girlhood   to 
Womanhood.       New    and    Cheaper 
Edition,     With  a  Frontispiece.     Cr. 
8vo.  price  y.  6d. 
Blessing  ano  Blessed  :  a  Sketch  of 
Girl  Life.     New  and  Cheaper  Edition. 
Crown  8vo,  cloth,  price  y.  6<L 
KosR  GuKNEv's  Discovery.    A  Book 
ibr  Giib.    Dedicated  to  their  Mothen. 
Crown  8»o.  dolh,  price  y.  6d, 
£ST.i.iSH  CiRLS;  Tbeii  Place  and  Power. 
With  Prcfitce  bjr  the  Rev.  R.  W.  Dale. 
Third  Edition.      Fcp.    8vo.    doth, 
price  ti.  6ii.  -         I 

Sftlllmcadt  b-  Cf.,  Pniitm, 


REANBY\Mn.  C.  £}~om] 

.  jDSTAlnrONE,aiidotiteTS«a 
llhutralion*.  Ronl  16010 
u.bd. 

SCNBEAM  WiLUE,   and  ot 
Three    lUnstntiani.       R< 

Sl-mskim  Jexnt  and  oil 
3  lUnaratmoi.     Royal  11 

ROSS  {Mrs.  J?.),  ('Nelsie 
Daddy's  Pet.  A  SI 
HunUeLifc,  WiihSUI 
Ro^  l6mo.  price  is. 

SADLER  {S.  IV.)  R.AT.—Th 
Cruiser:  a Uidshipman'i 
on  the  West  Coast.  V 
IlbntnttoniL  New  and  C 
tioa.     Crown  Svo.  price  si 

Seekiti-g  his  Fortune,  and  ot 
With  Four  lUnstrationa. 
Che«{ier  Edition.    Crown! 

Se\-e.n  AiTTTMN  Leaves  fr 
Laxd.  lUnslistedwith  Nin 
Sqtwie  crown  Svo.  price  y 

STOCKTON  {FrvMk  R.)—A  J 
LOWSHIP.  With  so  tt 
Crown  8to.  doth,  price  51. 

STORS  {Fra-uii)  and  TVRJi/E 

— CA.NTERBLRV  CHIMES  ;  < 

Tales  retold  to  Children. 
Illustialions  front  the  EUe 
Fcp.  8yo.  cloth,  price  y.  6 

STRETTON  (Hetba)—T)A\a 
I.AST  Will.  With  Fou 
tiom.  RoyaJ  16  mo.  price 
The  WosnERFUL  Life, 
Thonsand.  Fcp.  8vo.  d< 
31.  td. 

Su-s 


Storif^  By  the 
'Aont  MaiT's  Bran  Pie.'  1 
Small  8to.  price  y.  6d. 

Tales  from  Ahiosto  Re-t 
Children.  By  a  Lady.  Wi 
tmtions.  Crown  Svo.  di 
4r.  &/. 

WHITAKER  (/2ww/)-Cnm 
HERITANCE.  A  London  Sto 
trated.     Royal  i6mo.  price 

ZIMMERN{H.)~%iat.\tAm\ 
Stones.      With    Six    lilt 
Third  Edition,  Crown  Svo.  | 
Ntm-strttl  SfumrT,  Lmdem. 


